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ABSTRACT

1. The higli-explosive igloo tests, conducted by the Army-Navy Explosives
Safety Board at the Naval Proving Ground, Arco, Idaho, in 1945 indieated:

a. That the prescribed Army (400 feet) and Navy (500 feet) intermagazine
safety distances for the storage of mass detonating types of ammunition con-
taining 250,000 net pounnds of high explosives in Army and Navy Standard con-
crete, arch-type, earth-covered (igloo) magazines may be safely reduneed
one-half without undue risk of prepagation of explosions from magazine to
magazine.

b. That the barricaded inhabited-binlding distances given in the Ameriean
Table of Distances are not adequate for conerete, arch-type, carth-covered
(igloo) magazines since the dumage to builchngs and injuries to personnel which
may occur when the contents of an igloo mass detonates are too serious to be
an acceptable risk.

¢. That the temporary storage of 250,000 net pounds of high explosives in
an carth-barricaded opery storage site located halfway between existing Army
concrete, arch-type, carth-covered (igloo) magazines is reasonably safe and
permissible with respeect to the noupropagation of explosions from magazines
to earth-barricaded open sites una viee versa.

d. That the intermagazine unbarrvicaded distance (800 feet) for 250,000
net pounds of high explosives uflords reasonable protection against the propa-
gation of explosions among open field stacks of mass detonating types of ammu-
nition containing 250,000 net. pounds of high explosives,

e. That the doors on the Navy concrete, arch-type, carth-covered maga-
zines should be strengthened to provide hetter protection against explosions
whicli may occur in adjacent magazines,

2. Data were obtained on—

a. The effeets of carth cover and barricades in reducing blast pressures
and the range of missiles. ]

b. The relative advantages of the Army and Navy Igloo designs, such as
the better protection afforded by the Army-type door.

¢. Blast pressures,

d. Meteorological effects.

e. Scismic action,

f. Missile distribution.

¢. The appearance and action of the shock wave.

I. Crater size and shape,

1. Structural and glass damage to inhabited buildings of wood construction.

3. Moving pictures were taken of the explosions which are on file at the
offices of the Army-Navy Explosives Safety Board. Of particular interest
are the high speed pictures of the shock wave (taken at 1,450 frames per second)
showing how the wave approaches mud “flows over” the target igloo and then
retreats in the suction phase before it is met by the missiles, dust cloud, and
debris.
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PART I. INTRODUCTION
A.—PURPOSE OF TESTS

1. At the cessation of hostilities of World War I1
there remained on hand in the continental United
States and oversea Theaters of Operations tre-
mendous stocks of Army and Navy ammunition.
To provide for the orderly and cconomical
disposition of these tremendous stocks of ammuni-
tion, it was essential that—

a. Temporary storage facilitics be provided in
the continental United States until the stocks
required for peacetime use and the war reserve
could be determined, and;

b. It be determined whether existing ammuni-
tion storage installations and faeilities could be
safely expanded without large expenditures for
additional land, roads, and properties.

2. The program of tests conducted by the

Army-Navy Explosives Safety Board at the Naval -

Proving Ground, Arco, Idaho, during the summer
and fall of 1945 was designed to obtain these neces-
sary data through the media of a limited number of
full seale tests utilizing ammunition which was
surphis to the needs of the War and Navy Depart-
nments.

3. To obtain the maximum benefit from the
tests, the following government and scientifie
agencies interested in the control and effects of
explosions were invited and participated:

a. Underwater Explosives Rescarch Laboratory
of the Woods IHole Oceanographic Institution,

b. OSRD (Officc of Secientific Research and
Development), Division 2 of the NDRC (National
Defense Research Committee).

¢. David Taylor Model Basin of the Navy
Department.

d. U. S. Coast and Geodetic Survey, Commeree
Department,
e. U S,
Department.
7. U. S. Geological Survey of the Interior De-

partment.

g. U. S. Burean of Reclamation of the Interior
Department.

4. I'unds were also allotted for making a very
limited check of the safety distances presczribed for
inhabited buildings as set forth in the American
Table of Distances.

Weather Bureau of the Commerce

B.—DESCRIPTION OF TEST SITE

1. The site chosen for the tests was the Naval
Proving Ground, Arco, Idaho. This was the best
of a number of sites which were investigated since
it satisfied most of the requirements of isolation,
availability of government facilities, availability
of construction equipment and contractors com-
petent to handle the construetion, rail and
highway facilities, power, water, and favorable
weather conditions.

2. The Arvco Naval Proving Ground is situated
on a vast expanse of semiarid desert bordering the
valley of the Snake River located to the north of
the Snake River Plain and is 40 miles northwest of
Blackfoot, Idaho, and 23 miles cast of Arco,
Idaho. The site lies southeast of the rugged
Liemhi, Lost River, and Sawtooth Mountains from

which the Little and Big Lost Rivers flow, disap-
pearing in sinks on the desert. The position of
the Igloo Tests (Igloo A) was 43°38714°7 north
latitude, 11295325 west longitude, at an elevation
of approximately 4,855 feet.

3. The Snake River Plain wus formed by the
lava tlows during the intense voleanic activity of
the Pliocene period which continued in deereasing
intensity until recent times. The flows at Craters
of the Moon, 40 miles to the southwest, are esti-
mated as having occurred only a few luindred years
ago. At the test site 2 feet of fine silt topsoil
cover a clay and gravel alluvium 15 feet in thick-
ness which overlies the complex basaltic layers of
lava formations. Numerous cones and lava out-
crops protrude from the gently rolling desert. The

1



Fravee 1. Test site.

log of the well at the gun emplacements of the  resulting in a low humidity and rapid.drying con-

NPG, table I, illustrates a typical geologic section.  ditions especially in the summer months. The
4. The rainfall averages 12.5 inches a year with  sparse vegetation consists of sagebrusl, bunch

persistent southwest winds of 10 to 35m, p. h.  grass, small cacti, and similar desert growths.

TasLE L—Log of well at gun emplacements

Depth below sur- Depth below sur-
ace in feet: Subsurface formation faee in feet: Subsnurface formation
0. .. Top soil. 321 _____. Hard gray lava.
2 R Gravel. 341 . Clay.
17. Clay. 3400 ___ Nolid lava.
28 . Lava with clay filled eracks. 352___.__._ Clay and cinders,
50._ . Lava with elay and sand mnixed. [ ¥ Clay.
59 Clay and sand, 381 -. Hard gray lava.
69 Solid lava, 391____._.. Clay.
108________ Lava and ecinders. 140 Clay and gravel mixed,
134. . ______ Sand and clay. 425, . Cinders.
139 ... Lava, 427_.______ Clay and cinders.
145 - Lava. 440________ Solid lava.
159 . _~ Cinder and lava. 444.______ Blue lava creviee.
161~ Lava. 449 _______ Gray lava—water,
169._ - Cinders. 462._______ Blue lava ereviee.
171 _. Cinder and elay mixture. 470 ______ HoneveomD lava—traces of soapstone—
181 Cinders. wat . throughout.
184. Solid lava, 522 . .___. Solid lava.
211._______ Broken lava. 562. ______ Clay, lava and water.
221. .- Solid lava. 588_._ . Solid lava.,
231,‘ Coarse lava. 6Y2.______ Red honeyeomb lava.
246 Brown lava. - L
265 Soft lava. 665 ... ... Lava, cinders and water.
281 Hard lava. 677 ... Red lava, cinders.
291 _. Clay and lava mixed. 685.______.. Red lava, cinders—well bottom.



C—TEST PROGRAM AND PROCEDURE

1. Program
The program of H. E. Igloo tests conducted by
the Army-Navy Explosives Safety Board at the

Weight of ex-

'}fg‘ Date 1045 (time MWT) | 5 AR e | Type of explosive
1 ' 29 Aug, (0930)____ 250,000  50/50 Amatol._ __
2 | 18 Ocl, (1440)- __| 125,000  50/50 Amatol___.
3| 19 Oct, (1215)_.__| 250,000 Torpex..__.____
4 | 30 Oct, (0920)___ 250, 000 | 50/50 Amatol. -
5 | 30 Oet, (1250).... 250,000 Torpex._... .
6 | 30 Oct. (1500) 125,000 50/50 Amatol.
7 | 31 Oct. (1240)_ 250,000 TNT, Tetryl 80/20
Amatol,
8 | 31 Oct, (1400)_ 250,000  TNT o

9. Test layouts

The following units were constructed at the
test site: two Army and two Navy standard
concrete, arch-type, earth-covered (igloo) maga-
zines approxinately 26.5 x 81 feet in size; one
standard two-story, wood frame, Navy-type bar-
racks building approximately 36 x 96 feet in size;
three temporary open storage sites (revetments)
approximately 30 x 60 feet in size; and necessary
auxiliury fucilities such as camera stations, in-
strument and observation shelters, and dugonts.
Figures 2, 3, 4, 5, 6, and 7 show the general layout
of the test site, the test structures, and the open
storage sites.  The earth cover on the igloo maga-
zines has approximately the contour of the head
wall of the Navy magazime as shown in figure 4.
The depth of the carth cover over the arch is
approxinately 2 feet.

3. Blast meter and gages

Air-blast pressures were measured by paper-
blast meters, foil-blast meters, piston gages, ball
cruslier gages, David Taylor Model Basin (TMB)
diaphragm gages and piezoeleetrie gages in Test 1.
Only paper-blast meters were used in the other
tests (2, 3, and 4) in wlhieh pressures were recorded.
A plot of the loeations of these meters and gages
with respect to the centers of the explosions is
included in the deseription of cach test.

a. Paper-blast meters.—The Aberdeen Proving
Ground Paper-Blast Meter (Ref. 1) cons:sts of a

Naval Proving Grounds, Arco, Idaho, in 1945 in-
cluded six 250,000-pound tests and two 125,000-
pound tests as follows:

Test unit | Target units

1gloos B, C, D and wood frame bar-
racks at 2,135 feet.

Igloos I3, C, D) and revetment 2,

Igloos B, D and Rev, 2 and wood
frame barracks at 2,155 feet.

1gloos B, D and Rev. 2 and wood
frame barracks at 2,155 feet,

Igloo D, Rev, 2 and wood frame bar-
racks at 2,155 feet,

Nomne,

Stack 2 at 800 feet.

Army Igloo A____

Revetment 1.___
Navy Igloo C

Revetment 3___
Army igloo B.

Revetinent 2______
Stack 1. .. ___

Stack 2_ . _. None.

series of circular paper diaphragms of different
radii and the size of the smallest diaphragm
broken in cach blast meter by the blast is taken
to be a meusure of the intensity of the blast.
Since the natural periods of vibration of these
diaphragms are quite short ecompared to the
dinration of the blast, the size of the smallest
diaphragm broken is believed to be determined by
the peak pressure,

These meters, ficures 8a and 8b, consist of two
picees of ¥-inch plywood in which ten holes of
various dinmeters are cut. A pieee of waxed paper
is inserted between the pieces of plywood and the
picees are then bolted together. The meters were
mounted on stakes approximately four feet above
the ground, face on to the blast.

The hydrostatic pressures recorired to break the
diaphragms are given in table 11,

Tanve Y.—Iydrostatic pressures required to break paper
rieter diaphragms

Din- ”(i’r""l’i‘;‘t.” Hydrostatic Dia- | D(irr"(li‘i'::‘.r [Nydrostatic
phragm plicagn | Dressure pliragm phrapm | Dressure
No. inlinalios {p. s. 1) No, { ininches | (p.s. 1)

1 3. 65 0.4 6_._. 1. 00 ‘ 2.7

2. 4. 00 L6 7o .75 3.6

R 2. 83 .8 8.__-_ . 30 5 8

4._.._..| 2.00 L2 9. _-___ . 3%5 7.7

Hoo. 1. 375 1.8 | 10____ .25 12. 6
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Symbol
AP

B

¢

»

K

Camera No. 1

Camera No. 2
Camera No. 3

Instrument shelter

Instrnment dngont 1

Instrnment dugout 2

{nstrument dngont 3

Observation dugout
Instrument <ugont 4

Instrumernt dugont 5
Instrument drigont 6

Instrnment dugout 7

Fiaure 2.

| Instrnment

Legend

Eiewment
Primary igloo  (Army
Iglou).
Army  secomdary  maga-
2ine,
Navy secondary mnaga-
zine.

do

Barracks bullding

35 ni/m multiple lens cani-
ora, David  Taylor
Model Basin.

16 mi/mr General Fleetrie

camera, Davld Tayler |

Model Basin,

16 m/n1 General Eleetric
cmuera, David Taylor
Meodel Basin,

Electronic instruments for

measnring blast pressure.

Seismic instrnments .

Strain gages.

Selsmie instruments

Strain gages

Aceeleronteters

Seisnric lnstruments

Aecelerometers ..

Firing point

and  camera
contrul statlon.

Generator station .-

Seismic instruments

do... .. .

Eqnlpnent or Agency
Canmiers to record rool
novement.
Strain amd  deflection
£ageS,
Do.

Do.
2,155’ from A,
1,000 frames/see,

1,430 frames/see.
1,430 frames/see.

Davld Taylor Mwodel

Basin,

Coast & Geodetie Sur-
vey.

Bureann of Reclama-
tion,

Couast & Geodetie Sur-
vey.

Burcaur of Reclama-
tion.

David Taylor Model
Basin,

Coast & Geodetie Sur-
vey.

David Taylor Model
Basin,

Coast & Geodetle Sur-
vey.
Do.

Location of primary and secondary

elements—Continued.

b. NDRC foil blast meters (Ref. 2).

(1) A foil-blast meter is shown in figure 9a. Tt

was constricted as shown in figure 9h,

A sheet

of aluminum foil 0.65 mils thick was inserted be-

Frovee 3.

Tasue HL—Iydrostatic pressures required to break NDRC
Joil meter diaphragms 0.65 mil alumivum foil

7
P.s.1.to break
Dianteter of hole Jy | 1 parallel

P.s. 1. to break

Dlameter of hole ju| 11 parallel

s | ke " | ereuiaion

| Dlast) | t Dblast)
'3 s .I 12.9 || 14 l ‘. 18
pAT P 125 | 17a_ .. 5. 09
b apqoooo 1.5 | 1% 3. 96
W 3 = 10.5 | 2% 2. 97
e 8. 42 | 314 2. 10
156 S 7.35

tween the two picces of masonite which form the
orifice assembly and the two were then bolted
together. The orifice plate assembly was taped
around the edges to insive a seal and a small vent
hole was drilled in the rear of cach compartment
to compensate for slow changes of pressure in the
meter.  These meters were mounted on wooden
tripods five feet above the ground, side on to the
blast. The hydrostatic pressures required to
break the diaplnagms are given in table 111.

(2) Two additional box meters of similar design
but of more rugged construction were used to
record pressures near the center of the explosions.
These meters, which were designed and con-
structed by Princeton University, had a range of
32 t0 640 p. s. 1. They were buried in the ground

with the orifice plate flush with the surface of the
ground.

¢. British and Los Alamos Type Piston Gages
(Ref. 2).

(1) Eight piston gages, designed and construet-
ed by the Road Rescarch Laboratory, in Great
Britain, were provided for these tests,

Nine

leloos A, B, C, and D.
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Fiavre 5. Navy-type barracks building.

others, which were designed and constructed at
Los Alamos, and which embodied improvements
over the British gages, were also provided.

(2) The British-type piston gage consisted of a
metal box, in one face of which were six holes of
equal size, Closing these holes, from within the
box, were six pistons held in place by springs whose
compression could- be adjusted.  Motion of the
pistons could be detected by the hrreversible mo-
tion of other pistons bearing against them, but
not coupled to them. Before the test, each pair
of pistons was in contact; after the test, lack of
contact between any pair of pistons indicated that
they had moved. The spring forces were so ad-
justed that the pressure required to move each
piston was different from all others. Thus, the
blast pressure which had acted on the gage could
be bracketed between those corresponding to two
pistons, one of which moved while the other id
not.

6

FiGcure 6.

Open storage site (revetment).

(3) The Los Alamos modification of these gages
lay principally in the recording method, i. e., the
means or detecting motion. Instead of a second
piston, a piece of aluminum foil was tightly
stretched opposite the inner end of each piston.
This imer end was pointed, and a gap of about 5
mils was left between point and foil. Thus, a
motion of 5 mils in any piston was detected by a
dimnple in the corresponding foil. This proved to
be a more reliable indicating system than that in
the original British gages.

d. UERL free-piston and spring-piston gages
(Ref. 2).

(1) The free-piston gage consists of an unre-
strained piston attached to a stylus which records
the pressurechangeonthe paper of a rotating drum,
The motion of the piston as the blast wave acts
on it is recorded by the stylus as a function of time,
and the positive impulse of the blast and the peak
pressure is computed from the record produced.
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(2) The spring-piston gage is similar to the free-
piston gage, exeept that the motion of the piston
is opposed by a spring. The movement of the
piston is & mensure of the peak pressure up to a
maxinmm of 5.5 p. s. I.

e. NOL ball-crusher gage (Ref. 2).

(1) The ball-crusher gage was designed by the
Naval Ordnance Lnboratory to measure peak
pressures in underwater shock waves, and was
applied to the measurement of airblast peak pres-
sures in these tests,

(2) The gage eonsists of a piston which bears
on a spherical ball of soft copper. See figure 10,
When the piston is depressed by the shock wuve,
the ball is deformed inelastieally, and the diminn-
tion in diamcter is nearly proportional to the peak
pressnre.  For pressures below 100 p. s. i, the
error may be quite large, and no measurable de-
pression occurs at pressures less than about 70
p. s 1.

f. David Taylor Model Basin (TAMB) diaplragm
and piezoelectric gages (Ref. 3)—The electronie
pressure measurements were tuken by the Navy
Department David Taylor Model Basin. Three
different tyvpes of vecording channels were used
to obtain the pressure history of the explosion,
One was the standard Taylor Model Basin channe!l
for use with the David Taylor Model Basin Dia-
phragm-Blast Gage. The second type of channel
was a modified version of the standard channel.
Two of these modified channels were nsed. The
third type consisted of five Rochellessalt piezo-
electrie gages which served to record the time of
nrrivnl of the blast wave at selected positions,

(1) The standard channel consisted of —

(a) A diaphragm gage with a 500 ohim metalec-
trie, spirally-wound strain element cemented to
the inner face of the diaphragn.

() A ballast and battery box circuit.

(¢) A combination preamplifier and natura
frequency band-rejection filter,

(d) A Dumont Type 208 blne trace eathode-rny
oscilloscope,

(2) The modified channel consisted of

(a) A diaphragm gage with two 120 ohm metal-
ectric, spirallyv-wonnd struin elements, one ce-
mented to the onter and the other to thie inner fuce
of the diaphragm.

() A David Taylor Model Basin 1A strain
indieator, which consists essentially of a eirewit
which has a Wheatstone bridge, two of whose
nrms are the two resistance elements of the pressure
guge. The output of the bridge aniplitude modn-

Freure 9a. NDRC foil blast meter.

lutes a carrier wave of 2,000 cycles per second
frequency. The modulated wave is then amplified
and demodulated and the modulating signal is fed
into u recording device,

(¢) A General Electrie string oscillograph on
which the output of the strain indicator was
recorded,

(3) The two channels were used because the
standard channel has good high {requency re-
sponse but poor low frequency response, while, on
the other hand, the modified channel has good
low frequency response but a poor high freqnency
response. It was hoped that a complete history
of the blast pressnres arising from the explosion
mnight be obtained from a combination of the two
reeords, the standurd channel recording the initial
peak pressure and the pressure occurring in the
first 100 niilliseconds and the modified channel
recording any slowly varying pressure occurring
later. At the high peak pressures expected, how-
ever, the pressure gage does not indieate the true
peuk pressure beeause a “Bernoulli flow” effect
modified the pressure,

(4) The third type of channel employed was
one that recorded the time of arrival of the blast-
pressure wave at selected positions. By means
of the distanec-time curve and the Rankine-
Hugoniot formula relating pressure and veloeity
of shoek waves, it was hoped to obtain an acenrate
value of the peak pressure unmodified by any
Bernonlli effects.  The cirenit consisted of five
Rochelle-salt piczoeleetric gages placed 40 feet
apart. These gages were connected in parallel
and placed across the mput of a Dumont 208
cathiode-ray oseilloscope. A 50,000-0lmm resistor
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Ficure 9,

was connected aeross the mput terminals of the
oseilloseope to provide an effeetive time constant
of about one millisecond. This time constant
insured that the signal from the first gage wouid
disappear by the time the shock wave reached the
seeond gage. The Rankine-Hugoniot formula is
(V/OP=%P[Py+-1,

where V7 is the velocity of the shock wave,

NDRC foil blast meler.

P is the excess pressure in the shock wave,
(" 1s the veloeity of sound,
Py is the atmospherie pressure,

(5) The outputs of the two moditied channels
using the Taylor Model Basin strain indieators
were recorded on a General Electrie string oscil-
lograph with a film speed of about 15 inches per
second.  An electronic oscillator driving one of

9



Ficure 10. NOL ball erusher gage.

the strings at a frequency of 100 eyeles per second
provided a time base. The two Dumont 208
cathode-ray oscilloscopes were placed side by side
and photographed by means of a General Radio
Class 651 oscilloscope camera. A time base was
provided by a 101.2 c. p. s. oscillator that dis-
charged a spark from a spark coil through thefilm.

(6) The standard and modified Taylor Model
Basin diaphragim gages were calibrated by deter-
mining the changes in resistanee for known changes
in static pressure.

(7) The piczoelectric gages were  calibrated
roughly by firing a one-pound charge of TNT and
scaling the gage distances so as to obtain pressure
of Yo the magnitude expected from the actual
explosion.  An exaet calibration was not required
sinee it was only desired to know the time of
arrival of the shock wave and not the pressure
magnitudes. Each gage was mounted five feet
above the ground with the gage positions 40 fect
apart. A steel pipe filled with sand was located
seven feet in front of each gage to serve as fragment
protection.

4. Crater data

Crater measurements were taken in all tests,
except Test 4, by means of field surveys.

5. Ground movement

Measurements of ground movement were made
in Tests 1, 2, and 4 by means of field surveys.

6. Effect of blast on target igloos

The effects of the explosion on the target igloos
was determined by observation and measured by
means of a slide rule gage aud a stop-point indi-
cator (SPI) in Test 1, and by Carlson strain
meters in Tests 2 and 4.

a. The gage (fig. 11) used to measure the arch
deflection was a modified slide rle with the rule

10

attached to a support from the floor and the slide
attached to the areh.  To minimize the overdrive
a strong flat spring was mserted under the slides
and to measure both outward and inward deflec-
tion the slide was divided into three parts. A
disadvantage to this type of measurement was
that it would measure a combination of arch
defleetion  and  relative  floor-arch  movement.
This difficulty was overcome by using a sccond
type instrument which measured the deflection
of the arch between the hauneh and springing
line.

-ND OF ARM FASTENED
TO CONCRETE ARCH

END OF GAUGE
FASTENED TO
SUPPORT

GAUGE

s
I
SLIDE
'hy'f = cause
| /%) SupPomT
¥ E

“Slide rule’” gage.

A

A\ _)g\

T

Frauvre 11,

RECORDING LEVERS

ACTUATING ARM -+ \,\'“‘-.‘
STRING FASTENED 7O ARGH ! /\

ﬁ‘\ﬁnmf:;u;ﬁ' ‘h_.a’{ﬂ I.
SHAFT 1—;\%\‘
SPRINGZ

BOARD FASTEMED
TO SIDEWALL

Iicure 12,

Stop point indicator.



b. This second instrmment (fig. 12) consisted of
an indieating arm, the movement of whieli was
multiplied by a wheel lever. The wheel lever
was actuated by the slack or tension in the string
conneeted between the hauneh and springing line
of the arch.  Two recording arms were actuated
by the central or indicating arm and were lield n
place by friction.  This mstrument, called “stop-
point indicator” (SPI), while carefully con-
structed, is believed to be subject to errors due to
clustieity of the string wd the looseness in the
bearings.

¢. The effeet of the blast on target lgloo C in
Test 2 and B in Test 4 was determined by observa-
tion and by measurements obtained from the
Carlson strain meters installed by the Bureau of
Reclamation (Ref. 4).  The Carlson meter is a
temperature-compensated clastie-wire-type instru-
ment in whiclr the strin sensitive element s
enclosed in ancexpansible metal tube 10 inches long
by 3¢ inch in diameter.  In installing the meters on
the outside of the igloo, the carth backfill was first
removed at the proper locations, next the meters
were fastened in place by brackets secured by
concrete expansion bolts, and then the backfill
was replaced.  The lead wires from the Carlson
neters were carried in trenches to the mstrument
dugout abont S00 feet away where a Ieiland
oscillograph recorded the resistance changes of the
meters.  After appropriate calibration, the resist-
ance changes are converted into strain and stress,
The natural frequeney of the oscillograph galva-
nometers was 40 eyeles per second, and the
sensitivity in conjunction with the Carlson meters
was about 30 millionths inch per inch of strain
(or about 12 p. s. 1. stress) per 0.02 inch dellection
3f the light spot. One of the galvanometers was
also connected to a wire which was wrapped nround
a bomb to indicate the exaet tine of blast,

Diagrams showmg the locations of the nreters
placed on Igloo C in Test 2 and on Igloo B in

Test 4 are included in the deseription of these
tests,

7. Barracks damage

Barracks damage was recorded in Tests 1, 3,
and 4.

8. Missile data

Missile dnta were recorded in Test 1 only, in
which a thorough analysis of distribution was
made through a field survey of missile density and
size.

9. Seismological data

Seismic recording instruments were installed
by several organizations to measure the ground
shocks resulting from these explosions.  The U. 8.
Geologic Survey had instminments at loeations as
far away as 250 ntiles but most of the instruments
were located in the immediate vieinity of the
explosions.  Due to power failures and other
causes the Ul S. Geologie Survey and the Burean of
Reclamation failed to obtain records, but very
good records were obtained by the U, 8. Coast and
Geodetie Survey and the David Taylor Model
Busin of the Navy Department.

10. Meteorological data

Meteorological observations were made by the
Weather Bureau and  volunteer observers in
Test 1. The Weather Burean established observa-
tion stations up to 200 miles, alerted all weather
stations and the general publie up to 800 miles to
listent for the sound of the blast, and cestablish
theodolite stations to observe the smoke cloud.

11. Test operation

Observation points for the tests were coordi-
mated by short wave radio and field telephone, and
the explosives were detonated from the observa-
tion dugont,

1



PART Il. TESTS AND RESULTS
A—H. E. IGLOO TEST NO. 1—29 AUGUST 1945

1. Purpose

a. To determiae if the mass detonation of
250,000 net pounds of ligh explosives stored in
an Army test Igloo A with a Navy door barrieade
will propagate to an Army Igloo B located paeallel
to and 185 feet fromn test Igloo A to a Navy Igloo
C located in line with the test Igloo A aad 210 feet
in front of it; or to a Navy lgloo D with door
bagricade located diagonally to the rear and left
of test Igloo A at a distaace of 500 feet,

b. To deterniine the severity of the damage done
to the target igloos and their contents, and to a
wooden barracks building E located diageonally to
the rear and right of the test Igloo A at a distance
of 2,155 feet.

¢. To record data pertaining to air blast pres-
sures, seismic action, meteorological effects, crater
size, missile distribution aad the appearance and
action of the shock wave as reveated by high speed
photography.

2. Layout

This test involved the explosion of 250,000
pounds of 50/50 Amatol in Army lIgloo A with a
Navy door barsicade rs. target Igloos B, C, and D
and & Navy-tvpe wooden Dbarracks building.
Figure 13 shows the layout of the primary cle-
ments.  The cameea stations, insteuments shelters
and instrument and obsesvation dugouts were
located as shown in figure 2.

3. Igloo contents

a Igloos A and B were cach loaded with
four hundred and twenty-five 1,100-pouad bombs,
explosive charge 588 pouads of 50/50 Amatol
(similar to Army 1,100-pound bomb MK-33).
These bombs were stowed on wooden dunnage as
shown in figures 14a and 14b.

b. Igloos C and D were each loaded with five
hundred and forty-one 650-pound aireraft depth
bombs (MK-49), explosive charge 462 pounds
Torpex, stowed ns shown in figures 15 and 16.

12

4. Priming

«. All bombs in Igloo A were primed by packing
knotted primuacord surrounded by composition
C-2 into the nose fuse cavity of each bomb.

b. The method employed 'in coanecetiag the
bombs of ecach stack by rumming a primary lead of
primacord “1”" conaceting the outside bombs n
the stack, aad sccondary leads 27 and “3”
connectiag the remaiaing bombs to the priamary
lead is showa ia figures 17a and 17b.

¢. The primary lead from one stack was jomned
with the adjacent stack and the conneetions were
made to the theee eleetrie Engineer Speeial Blast -
ing caps ia the ceater of the magazine as shown in
figure 18. These caps were connected to the
primiag cireuit in parallel, and the length and
arrangement of the leads was such that all stacks
fired shuultancousty,

5. Description of test and summary of results

a. General —The explosion of the 250,000
pounds of Amatol ia Igloo A produced an initial
flash and then streamers of smoke that shot out
at angles above 30° from the horizontal formiag
a bush-like cloud that engulfed the flames within.
This cloud merged with the dust near the ground
and developed into a billowing black mass of
smoke rising to a height of 2,380 feet in 2 minutes.
(Sce figs. 19a and 19D.)

Observers at 1, 2, and 3 miles from Igloo A
experienced a sudden puff of wind and ground
sltock accompanied by the sound of the explosion
but felt no physical discomfort from the blast.

Theee was no propagation of the explosion from
Igloo A to the target Igloos B, C, and D which
suflered only minor damage.  The barracks build-
ing suffered structural damage and extensive glass
breakage, with the aceompanyiag flving glass
hazard.

b. Motion picture record.—Nlotion pietures were
obtained from four different camera positions
(fig. 2).
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Ficuvre 14a.  Bomb stowage, Army Igloos A and B,
Test 1.

Fievre 14b.  Bomb stowage, Army Igloos A and B,
Test 1.

(1) Pictures from the observation point showing
the explosion of the 250,000 pounds of Amatol in
Igloo A at normnl film speed.  (Crmern 4.)

(2) Closc-up of the explosion of Igloo A from
the right front i1 high speed photogrnphy showing
the sequence of events in the explosion of the
Igloo. (Camera 1))

14

(3) Close-up from the side of Igloo C showing
the shock wave as it strikes Igloo C from the renr
and passes over it,  (Camern 2.)

(4) Close-up from the renr of Igloo B showing
the shock wave as it strikes Igloo B from the side
nnd passes over it. (Camern 3.) These films
liave been edited and combined into the complete
film record of the explosive tests which nre avail-
nble at the oflices of the Army-Nnvy Explosives
Safety Board.  Seleeted frames from the mnotion
pictures are shown later in connection with the
summnry nnd discussion of results.

e. Air blust pressures.—The location of the
various types of meters which were used in this
test to measure ab blast pressures are shown in
fignres 20u, 20bh, and 20¢.  The records obtained
from thie meters are shown in tables IV, IVa, V,
VI, VII, and VHI. It will be noted that the
records obtained with the paper and foil meters
were fairly consistent but that the records obtained
from the other type gages varied widely. The
records obtained from the electronic type gages

Ficure 15. Bomb stowage, Navy Igloos C and D,
Test I.
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Priming connections for each stack,
Igloo A, Test 1.

FieuRre 17a.

Priming connections for each stack,
Igloo A, Test 1.

FIGURE 17h.

A
4
9 10 1 12 13 14 15 16
~ CAPS
! 2 3 4 5 6 7 8
Note -~

425 Bombs— 249,900 H.E.

Fraure 18.

were incomplete, as only the two strain indicator
channels yvielded resnlts.  This was due to the fact
that the pressures were mnch lower than originally
estimated and as g vesult, the amplifier gains were
set too low and no signal could be detected.

d. Crater data.—The explosion of the contents
of Igloo A produced a erater which was roughly
oval in shape, having a long diameter of 200 feet

16

Priming plan for connceting stacks, Igloo A, Test 1,

along the longitudinal axis of the igloo, a short
dimmeter of 150 feet, an apparent depth of 8 feet,
and an actual depth of 13 feet (see fig. 21). A
solid layer of lava was located at a depth of 17 feet
which may have had some effeet on the depth.
Inside the ring of earth thrown out by the explosion
a shoulder measuring from two to several feet in
width was formed which was not at the original



Frovee 19a,  Explosion of Igloo A Test 1, 1st stage.

e

IMtaunre 19h.  Explosion of Igloo A, Test 1, 2d stage.

ground level as shown by the crater plan and
profile in fignre 22,

e. Ground movement.——Permanent horizontal and
vertieal displacement of the gronmd cansed by the
explosion of lgloo A is given in figire 23, The
vertiecal (upward) gronnd movement was con-

Tavre IV,.—Test No. 1
sSures [)(l[l('l‘

29 August 1945 Air blast pres-
melers on north and west lines

[Flg. 20a)

North West

DY istanes line line Remurks
(. (ol Tromt - (ol sides
(e 8000 psoil) North line Wost line

162 58 7.7 Blown over  Blown over,
188 3.6 7.7 ai Do,
BlE 3. 6 5 8 do 1o,
BEE] 3.6 7 o Do,
82 3.6 T do Do,
615 36| 77| ..do Do,
i) 2 7 5 8 d6 Do,
e 3.6 58 1o,
731 2.7 36 Do.
775 2.7 3.6 Do.
gad 2.7 3.6 Do,
s 2 7 97
921 2.7 27
075 2.7 %7
1,030 1. 8 97
1,100 1.2 27
1. 160 1.2 1.8
1.230 1. ¢ 1.8
1,300 8§ 1.8
1.3470 B 18
1,460 8 L8
1.550 8 1.2
1,640 8 1.2
1.740 8 12
1.840 8 R
1,940 N 8
2,060 6 ‘g
2,180 6 6
2,310 i -8
2,450 | B
2.600 il P
2740 0 6
2,900 0 1
3.080 0 0
34.270 0 ]
3460 0 4
3,660 0 4
3,850 0 — i
1,120 0 0
1350 0 0

*T'his distance, for the West line, was measured from 1he corner formed hy
the front and west side of Igloo A, and for the North line from the cetiter
al the door of Weloo X, (See fig, 208.)

sistent oxeept to the north (front) where 1t was
about 1/10 of that recorded in the other directions.
The horizontal gronnd movement was also fairly
consistent exeept to the north where no movement
was recorded.  The head wall of Igloo C moved
north (away from the explosion) %' and west 1”7

17
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Ficure 20a.  Blast meter lavout (paper meters north and west lines), Test 1,
with no recorded vertical movement; the head (2) Army-type Igloo B developed a erack

wall of Igloo B moved %" south (explosion was to
thie west) and there was no movement of Igloo D.

. Iffect of blast on target igloos.

(1) The igloo damage was minor and confined
to the following:

(a) Slight arch cracking.

(b) Door damage in the Navy magazines.

(¢) Ventilators blown off.

18

across the center of the arch, which was a con-
timmation of a cerack previously noted and a new
crack was formed along the center of the floor.
The door was jammed, the ecarth cover shimped
approximately two feet, and part of the ventilator
was blown ofl (see fig. 24). In Navy-type Igloo C
the door was blown i, the ventilator blown off,
and one bomb was knocked off the stack and
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Taner TV-A,

Test No. 1-

29 August 1945—Air blast

pressures paper meters al larget igloo

Distanee from slde of 1glao
A, in feet

231

234

231

234

240

240
240

240

2406

2406 -
2406
246___
252

252
252

252

Distance fram front of Igloo
A, In feet

206 ..
206,

296 _

296 -
302
302
302
302
308
308 __
308
308
314 =
314

314

314

Tarek V.—Test No. 1

[¥lg. 20b]

Meter
No.

==
W -

MY = e OB — L

N
W N =

N
-

Meter
No.

- -

29 Awgust 1945

Pressnre
range in Remarks
P. s
12, 6 | Blown apart,

7. 7 | Blown down,

7.7 Do.

7.7  Blown apart.
12. 6 Do.

7.7 | Blown down,

7.7 | Blown apart,

7.7 Do.

12, 6 Do.

7.7 Do.

7.7 | Blown down.
12. 6 ' Blown apart,
12. 6 Do.

12. 6 Do.
12. 6 Do.
7.7 Do,
Pressure
range in Remarks
poso i,

7.7 | Blown down,

1.2 Do.

1.8 Do.

2.1l Do,

3.6 Do.

2.7 Do.

7 Do.

3.6 Do.

5 8 Do.

3.6 Do.

3.6 Do.

3.6 1o.

3.6 Do.

3. 6 Do.

3.6 Do,

3.6 Do,

NDRC foil blast meters on west line

Distonee from center
of Igloo A, in feet

270

315

315

351

450 -
175 -
500

20

[Fig. 20¢]

West line
(exvept as
noted) (p.s. L}

115
10. 5
7.35
5. 09
10. 5
R 42
7

.35

Note

15" cast of Igloo B,
15" west of Tgloo C,
On (op of Igloo (',
15" north of Igloo C,

Airblust pressures,

TasLEV.— Test No. 1—289 August 19.45—Air blast pressures,
NDRC foil blast weters ou west line—Continued

[Fig. 20¢]
West line

(eacept s Note
nated) (p.s. i)

Distanee from center
of 1glaa A, in feet

510 - 7.35 | In face of barricade Igloo
D.
538 - 7.35 | Between barricade and Ig-
loo 1.
510 - 6. 18
SR80 - 7.35
620 _ _ - 3. 96
640 - 3.96
670 - 3. 96
720 - 2.97
770 _ - 2.97
820 _ - 2.97
870 _ - 2.97
920_ _ - 2.97
970__ R 2.97
1,020 - None
1,070. 210
1,120 ) 3. 96
1,170 - 2.97
1,220 - None
1,270 - 2.10

Tastk VL.—Test No. 1—29 Awgust 1945—Air blast pres-
sures, British-type piston gages (Rep. 2)

[Fig. 20¢)

['The range of a gage lies hetween the presstre that will not move any of the
pisxtons and the pressure that willimove all the pistons.  The pressure limils
indieated by a gage are the highest pressure that will not move any of the
pistons that did not move and the lowest pressire that will move all of
the pistons that did move]

Range of gage i
s,

Observed pressire

Distanee from eenter of Igloo A
ft.) limits in p. s, i.

200. - 39.5 - 69,1 0 39. 5
200. - 79 127 0 79
200 _ - 107 - 39.7 28. 9 -36. 6
200 199 - 299 20.9 - 0
280 246 - 61.2 24.6 -32. 3
280 17,5 - 310 17.5 -19. 7
360 25.9 - 60.8 0 25. 9
360 19.7 - 30.0 \] 19. 7
360 17.9 - 314 0 17. 9
700 - 400~ 15.35 0 105
700. 105 18 R) 1.05- 2 2
800 6.9 — 10.25 0 6.9
800__ - 0 5. 07 L 53~ 175
800 4.0 6. 55 0 1.0
1,300 . 83— 335 0 .83
1,300 - 125~ 6.4 0 1. 25
1,750 - L0 3.5 LO- 1.5
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Tanre VIL—Test No. 1-—29 lugust 1945—.lir blast
Pressures varfons gages
[Fig. 20¢]
Distauce
from Indicated pres:

center of sire i p.s.i.
Iploo A (1t.)

Giage loealion sl 1y pe

Ball-crusher gages

OIF west side of Igloo A _. 15 9
Off west side of Igloo A 115 122
la earth ecover on west side of

l«loo B 185 79

Gages at 200 feet off the side of Igltoo A, at 230 feet in
the back of Igloo C, and one of the gages in the side of
Igloo B gave no readings, indieating pressures al these
points of less than 70 p. <, i.

Priuceton box gages

These gages have a maximum range of 32 to 640 p. <. i,

I earth cover to the rear of lgloo 230 | Lessthan 32
G.
Intheearth cover to the west side 185 | 43 to 4.

of Igloo B.
Spring-piston gage

This gage cannot respond to a pressure greater than 3.5
p. =i,

In the carth barrieade of Igloa DD 520 | Greater than

5.5,

Free-piston gage
A motor failure caused the reading to be very uneerlain,

|
Positive impnlse
(Ib mseeingd)

In the earth harricade of Igloo D 520 Greater than

210.

Tasre VIHL—Test No. 129 August 1955—.A0r blast
pressures electrowde Lype gages
[Fip. 20¢]

Giage Joca.

Tion dis- Duration

Maxinumm

e Maxinmm : of posilive
R i
. ; INCTEN il willi-
lLl(I)':::-i\ in swrepos b s
207 14,1 15. 3
207 9 4 L7 39
Average 11.8 13.3

Of 1he three types of channels ised, only the two strain
indicator channels yielded records.

22

another was tilted probably due to heing struck
by the door as it was blown inward (see fig. 25).
No other bombs in uany of the igloos were dis-
placed.  In Navy-type Igloo D the door was
Blown in (see fig. 26).

(3) “Slide-rile” and “stop-point indicator’ de-
fleetion and strain gages (figs. 11 and 12) were
installed in Igloos B, C, and D to measure the
areh-floor movements,  Permanent floor and arch
movements were obtained by field surveys, lgloo
B at 185 feet was stressed miost severely and gave
the greatest deflection readings.  The areh de-
flected inward approximately 0.02 inches and
spread ontward as mueh as 0.04 inches. The
maximim temporary relative movement of the
floor and ureh was 2.46 inches and the maximum
permanent set was 0.17 inches. The arches of
Iegloos C and D showed almost no defleetion,  The
maxinnnm  temporary relative floor-arech move-
ments were 1.14 inchies for Igloo C and 0.39 inches
for Igloo D.  The maximmm permanent sets were
0.26 inches and 0.16 inches respeetively. The
recorded strains are shown diagramatically in
figs. 27n, 27b, and 27¢.

g. Damage 1o barracks and glass breakage.

(1) The barracks suflered considerable struc-
tural damage on the faces toward the explosion,
Studding was broken, sheathing torn loose, win-
dow frames blown in or ont, and the majority of
the window punes were broken and thrown with
suflicient force to cover the entire floor area with
small fragments, with some pieees found imbedded
in pillars and in the opposite wall. Both the
north and south end first floor top plates were
broken and the south wall, the wall-away from the
explosion, was pushed out approximately three
inches,

(2) The building was in no danger of eollapsing
but 1t is doubtfnl if any ocenpant of the building
wonld have escaped serious injury from flying
glass, and several thousand dollars of damage was
caused.  Figure 28 shows a diagram of the damage
and a key to the camera positions for the pictures
Hlustrating the damage shown in figures 29 to 53.

h. Missiles and fragmentation.

(1) A careful search was made of the area sin-
ronnding Igloo .\ following the explosion and all
observed missiles were recorded.  An area of 24
square miles was covered and a total of 13,000
missiles were found.  The pattern of the extreme
range missiles was roughly symmetrical with the
greatest distances along the igloo axis and along a
line perpendicular to the axis and passing through



I'tcure 21.

the center of the igloo.  The maximum range of
the heavier concentrations also lay along these
lines, with a greater acea of these coneentrations
lving in front (north) of Igloo .\ than behind it.

(2) The missile map shown in fignre 54 was
made on a grid system. .\ baseline was drawn
along the front face of Igloo A perpendicular to
the ecenterline of the igloo. Lines were then
constriueted  perpendicittar to the base line at
fifty foot intervals starting with the center line
of Igloo A, These lines were covered by two-men
teams in jeeps.  KEach missile was recorded by
its line nnmber, distance from base line, and dis-
tance n feet cast or west of the nearest line.  The
missiles were then plotted on a map of the area
divided into 100 foot sqnares, and the number
of missiles falling in cack sqnare was indicated
withont attempting to plot the missiles preeisely.
Lines of eqnal missile concentration were then
drawn to produce the missile map shown in figure
HER

(3) A study of the missile map leads to the
following observations:

(@) Missiles flew ont farther along the center
line axes of the igloo and were more concentrated
along these lines.

() Greater concentrations ocemrred in front
than to the rear of the igloo up to 1,500 feet.

TIYTTL—AN 3

Crater, Test No. 1, with Igloo A superimposed in original loeation.

Bevond this distance distribution was uniform
along the axes.

() Greater concentration ocenrred ofl the sides
than in front or to rear from 250 to 1,500 feet,
probably due to the door barricade which seemed
to divert missiles toward the sides at this range
although the door barricade apparently had little
effeet on general missile distribution,

(4) Fragmentation was very complete with
missiles at the extreme range weighing from a
few ounces to five pomnds. No missiles were
found execeding 150 pounds in weight with the
exception of a fow large pieces of conerete lying
in and adjacent to the erater.

(5) For the purpose of studying missile trajee-
tory, twenty-five M-47 chemical bomb cases
were sand filled and placed in the stacks with the
Il. E. bombs. Each bomb was nnmbered with
a metal stamp i the hope that fragments from
the bombs conld be identified and, with the initial
and final loeations being known, some estimate
of the trajectory conld be made.  Unfortunately,
no identifiable fragments of these bombs were
fonnd.

1. Seismologicdl data.

(1) Seismie records were obtained i this test
by the Taylor Model Basin at distances up to 1
nmile from the explosion.  Additional data were

23
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Fraure 22, Crater plan and profiles, Tgloo A, Test 1.
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Ficune 23, Permanent horizontal and vertical carth displaceinent, Test 1,




not obtained due to a power faiture which pre-
vented the operation of the instruments installed
by the U. 8. Coast and Geodetie Survey nnd the
Bureau of Reclamation.

(2) Results obtained by David  Taylor Model
Buasin,

Ficunre 24, Target Igloo B, damage to earth cover and

ventilator, Test 1

"
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Freunk 25.
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Target Igloo C, door damage, Test 1.

(@) Recording instruments used to measure
carth movements were mounted on conerete piers
constructed on an overburden of 10 to 15 feet,
loeated at distances of 3 mile and 1 mile from the
explosion (fig. 55, Dugouts 2 and 3). The TMB
Type I3 parallelograph which was converted to an
accelerometer with n mtural frequeney of 17
eyeles per second was located nt Dugont 2 and
recorded  horizontul  accelerations, The TMB
Type C parullelogmph, which is u seismie stri-
ment used to record horizoutal displacerents
was located at Dugont 3,

() In addition to the nbove, five mass-plng
aceelerometers were monnted on a conerete pier
150 feet cast of Igloo A as shown in figure 55.
Tite mass-plug aceelerometer consists of n mass
supported by a bakelite plag, a portion of which
s turned down to a diameter such that it will
break when the mass is subjected to the upproxi-
mate aceeleration for which the phig was designed.
A 1,000-g. and a 500-g. accelerometer were
mounted in a horizontal plane in line with the

Fraure 26.

Target Igloo D, door damage, Test 1.
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Ficvre 27a.  Maxiimun and mininmm igloo movement,

Tgloo B.

blast; a 500-g. and a 300-g. accclerometer were
mounted i a horizontal plane perpendicular to
the blast; and a 300-g. aceelerometer was monnted
i o vertical position.  These mass-plng aceclero-
meters were mounted in such a way as to respond
only to eartll movement and not to the air shock.

(¢) The following results were obtanted:

I. TMB Type B Parallelograph, Dugont
2 (! mile), aceeleration 0.25 g, fre-
queney 11 e, p.s.

TMB Type C Parallelograph, Dngout 3
(1 nnle), mmplitude 0.015”) frequeney
4.7 ¢. p. s

3. Mass-plug accelerometers—none of the
plugs were broken.  Acceleration in
the direction of the blast less than
500-g.  Acceleration in the horizontal
and vertical planes perpendicular to
the direction of the blast——less than
300-g.

() It should be noted that the instruments
measured the movement of the conerete piers on
which they were located.  The piers at Dngouts
2 and 3 apparently moved with the earth because
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Fiaure 28,

the frequencies recorded by the instrnments were
well below the probable natural frequencies of the
pier-carth system.  On the other hand, the forced
vibration of the ecarth movement experienced
at the pier supporting the mass-plug accelerom-
cters may have been of higher frequeney than
the natmeal frequeney of the pier-earth system
hecanse of its proximity to the blast.  1f the forced
frequency  were  considerably  higher than  the
natural frequency of the system, the pier wonld
tend to act as a seismic mass, and the nass-plug
accelerometers would, therefore, not measure the
true aceeleration of the adjacent carth.

J. Meteorologicel records (Ref. 5).—The detona-
tion of a very large gqnantity of explosives under
test conditions nfforded an excellent opportimity
to measure the resnlting meteorological phenomena

28

I

Barracks building damage.

LEGEND

mypppee  Wall Sechion- Heavy Projectians
Indicates Broken Studding
Which Must Be Replaced
Light Projeclions Indicate
Studding Intact.

- sem——=—mm Window Sections-
Single Line Indicotes Glass, Sash
8 Frames Demolished Which
Must Be Replaced. Center Line

?: » Indicotes Complete Window
I i Intact.
[ ! Ib/lu Camerg Positions- Areo

Between Projections Indicate
Coverage 8 Direction Of Photo.
Adjacent Number Indicates
Figure

Legend to photos, Test 1,

under cirenmstances as close to laboratory con-
ditions as possible,  The meteorological observa-
tions consisted of (a) those taken in the vieinity
of the test, and (b) those secured by vohintary,
cooperative observers.in the Western States, who
hiad been reqnested through newspaper and vadio
announcements to listen for the explosion and
forward an acconnt to the Weather Buorean,
Washington, D. C.

(1) Instrumentation.—The arrangement of the
cquipment used at the scene of the explosion s
shown in figure 56. A theodolite and a micro-
barograph were loeated at Station W; a theodolite
and a camera were located nt Station E; and a
microbarograph and a radiosonde imit were loeated
at the Army Weather Station.  In nddition to the
above, two Beniofl electromagnetie barographs
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Frourr 29. Barracks damage, Test 1. West elevation (exposed to blast).
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Iroure 30, Barracks damage, Test 1.
(exposed to blast).

North elevation Fieure 31, Barracks damage, Test 1. South clevation
(away froni blast).

29
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Fraunk 33.

Firaure 32. Barracks damage,

Barracks damage, Test

Test 1.

Liast elevation (away from blast).

Itdurk 34, Barracks damage, Tost |1,



Froure 35.

Barracks damage, Test

Fiaune 37,

Y N S

Frovre 36, Barracks damage,

Barracks damage, Test 1.

Test 1.




Ficure 38, Barracks damage, Test 1.

Iiéure 39, Barracks damage, Test 1. Ficvre 40.  Barracks damage, Test 1.

Fiaure 41, Barracks damage, Test 1. Fraure 42, Barracks damage, Test 1.

32



Fravre 43, Barracks damage, Test 1. I'rcure 44. Barracks damage, Test 1.

s -

e A

TFicure 45. Barracks damage, Test 1. Froure 46. Barracks damage, Test 1.



Fievre 47.  Barracks damage, Test 1.

Fraure 48, Barracks damage, Test 1. Fravre 49, Barracks damage, Test 1,

Freure 50.  Barraeks damage, Test 1. Ficure 51, Barracks damage, Test 1.
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Fraure 52. DBarracks damage, Test 1.

(deseribed in Ref. 6) were used.  One barograph
was placed at Dubois, Idaho (49.6 miles) and the
other at West Yellowstone, Mont. (111.2 niiles),

(2) Results.

(@) Theodolite observations made at Stations
E and W were used to determine the height of the
dust and smoke cloud (table IX). The clond
reached its maximum height of 2,380 feet 2 min-
utes after the explosion.

() The microbarograph records made at Sta-
tion W and the Aviny Weather Station are shown
in figures 57a and 57h.

{(¢) The eleetromagnetic harograph records are
shown in figure 58. Time interruptions of the
light beam were made manually in synchronism
with anral signals received by radio from Station
ANB. The pressure phenomena began at Duhois
at 09334507 and ended at 0933+4-56"7 giving
1,138.6 feet per second and 1,100.7 feet per sec-
ond, respectively.  The pressure wave phenomena
began at West Yellowstone at 0938428’ and
ended at 09384317 giving sound speeds of 1,158.8
feet per second and 1,149.0 feet per second,
respectively.

() The radiosonde observation taken at 6930
MWT is shown in figure 59.  An isothermal layer
extends from the surface at 16° C. to 131 feet
above ground; an inversion of 18° C. at 1,476 feet
above groumd; and an isothernial layer, 18° C.

Fraure 53. Barracks damage, Test 1,

TarLe IX.—Two theodolite obscrvations

[Station: Naval Proving Grounil,

Arco, ldaho,

starting time: 0930 MWT]

Observation point: Station W, Zero setting on Station E,

Anderson

Minute Elevation

angle
1 10. 0
2 11.2
3. 12. 8
1
H. 9.4

A\Y
azimuth
angle*

275. 9
277. 1
277. 1

139. 2

Date: Ang, 29, 1945,

Distance
from ob-
servation
Peint (ft.)

11, 760
12, 030
10, 160

6, 940

Observation point: Station K. *Zero setting on Station W,

Travis

o . W :_)islnn'ﬁ'
Minnte Elevation it from oh-
| e e | et
| . 9.1 241.8 | 13,260
2. 9. 95 243.3 | 13,350
3 10. 9 238.1 | 11, 800

4 - - -
I 12, 5 243.9 35, 050

Base line

=7,480 feet

Altitude
(ft.)

2, 120
2, 340
2, 270

1, 120

Observer: AL W,

Altitude
(ft.)

Observer: J.

Azimuth
angle
W-E

34.1
33. 8
39.0

*These azimnth angles were increased 180° for proper orientation,
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Fraure 54.

Missile map, Test 1,
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INSTR. DUGOUT 2

INSTR. DUGOUT 6

by
o
L)

Lﬂn

MASS PLUG ACCELEROMETER

[Jearracks

JI0560.

/
/

JINSTR. DUGOUT 7
FIGure 55.

INSTRU

l.
+ENT DUGOUT 1

JINSTR‘ DUGOUT 3

Layout of scismic instruments,
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STA.E (THEOOOLITE AND CAMERA)

(THEODOLITE AND MIGROBAROGRAPH)
STA. W ==0

MAROIL s o e =T .
“r:fggn _-—.!- WEATHER STATION
“ (MICROBAROGRAPH)

10

THOUSANDS OF FEET

Ficure 56. Layout of meteorological stations, Test 1.

STATION W
Distance From Explosion - 11,942 Feet

PRESSURE CHANGE
+ 33 INCHES Hg
EXPLOSION RECORDED 0930+13"

PEN DOWN 0905 M.W.T { | Jl PEN UP 0945 MW.T.

~.24 INCHES HQ

Ficure 57a. Pressure changes at 11,942 feet, Test 1.

STATION AT WATER TOWER
Distance From Explosion — 41840 Feet

PRESSURE CHANGE
EXPLOSION RECORDED 0930+ 41"

l+ .08 INCHES Hg

PEN DOWN 09GO MWT l[ iPEN UP 1030 MWT.

L-.OB INCHES Hg

Fi1cure 57b. Pressure changes at 41,840 feet, Test 1.

38



*1 1897, ‘qdviSorsq S pIPIOOAI SIABM PULOIY) *§C HUAOL]

(1924 9€1°28S) SI'W 2 111 NOISOTdX3 WOYS 3ONVISIO
19936999 NOILVA3 13 ISaM 90 111 30NLIONOT “WiON 6€ .66 3ANLILYT
LNOW ‘INOLSMOTT3A 1S3M NOILYOOT

0000 60- 58 66 80
"

000¢ -SS 62 00

e p— - =
e ——— = ——x =
- 00 01 O1-56 OO0 SC9S.0-00 BC LD

(1224 888'192) Sa'W 964 NOISOTdX3 WOMS IONVLSIO
1923 221°C NOILVAITI "S3m 81,211 3ANLIONOT 440N Ol ot 30NLILY
OHYQAlI ‘S108NnA ‘NOILVI0D

I
¥

DO M |

L er560 96.6560° »ieo

€280

05 + 6260 Ev-6260  OC- 0560

L A N N
L N N N A M

€060

S i 590

39

48— 4

kg g



‘”‘_h;‘ N -« i Y e -
- 1+ 1543 ) £33 a3t e -y
U.8 ARMY || sescmesas |~ HHHHHESEHE SR HHE I A
Ly AP J-1] ® ~ P 3 :: o
e —on | [ R R
¥ - = —~ L34 S a3 33 ks S >
wuo wa _— NGy STETNL 3 ‘;r: T
5 . ‘S%E
ESat daasss
-0= + ™HoITT
3 ﬂ'-‘;: %;ﬁ”f
Pesusic-Adisbetc Duagram ma il M J3ER E aity
stttk
2 R
e TRty
£ 7 - agEoate i
o SR RSy
i | 571 NE: M 3 2 k_k:--q:- ] N i
E 22 Iy a 1.:1:}.: H
E21 450 ot l.:"“-: H‘
- N &8
U7 IR 2 t.' W
= by 1 ] 2 -
0 3 LA By ki iiE
H4p N N K by
7 %l‘ \?F\&‘N-\]:\:l X
sl L IR N | -
I LS e R R R R ;' | Gwmene Mame ARCO PRVG GNO, IDAHO
E s ESRNNE LA R OB L8ZR I At H | oue 1AUG. 29, 1945 v 1530
- h NEENH v + \ ' {
P {E" o Bhohriernd : \;}{ : s 8¢ - tRE | o tine 0930 SOMM.sunemiugr 4,926 FT.
i | \&\4& Sy y AR HIRRY : Time Campies- I 8
4 AN 5 ;
1 g » T oS - 458 T
] "”‘.t X \N"\ \*‘\"\\h.\ X b NI Ry NN CHH i‘k“'\
" AN H\\\¢~\\\\\~ NN \X;& NN INRRRY n
é % | L aad i'{; ""‘P'\"ﬁn AN ‘11\- :‘1\" s i\.k\k’ﬁ b5 ias ‘: N l\kn:l:m dFw
3 SRR It Gt b an by boed b Vo B a3 IR TRy By v -
g P e W ) A QU D 20T gAY NN N%" . h 9
¥ 1 ™ AR k‘" b \Ut‘ﬁ\'\? H‘ b :‘\\\"\ l‘\:; \;‘ N 50 1Fs &
- | SRR va i ey R o Ty I AT IATATER R AT E
Ey %‘"T?;k‘,‘\_xk, \ﬁ 'Lb 3 \?\i,k‘ﬂ} A ¥ \:!\\l\.‘\‘:\\\ b '\{2“.: v 2
S i SSER A S SN
p| RN R Y m N O NN R R ¢
4 R by T i : [ ™y
1Fs “? :“ RRRNUA \‘Lt NI piafihy ‘“hk-ﬁ\q::‘k N g -5 !
1k X 'i\.\"' 111 M ‘NNN‘H*\.\ h -
1 - 5 N k\\\ L”}L NN \.'kl‘:\bl‘ \'}t&":\\“‘ pivh v 4 i
1E, "RH 1 b % 3 A il '\.: ::‘ N W ity @
] Y "@ " YWHNHNNNNNNR A 4
% 0w :h‘iﬂwﬁqnn ”!:Ekk H N AL g"w:.ﬁm w JF2°
1r 3 N AN L 3 " . LY s s 7
P 1‘” atis T"‘* :.E |.\‘ N 30 h bk i - . ™ W+ 3 k‘ - 1
% e R S AR SR S
| - NN M AN AN NS AR : : : WY e
DR SN S TR SOBNE Y L R RS e

Fl(.rlu-.‘,'_.")ﬂ.l Radiosonde observations, Test 1.

to 2,221 feet above the ground. At this level tem-
perature begius to fall at a lapse rvate of 0.72° C,
per 100 meters.

(¢) The winds aloft observation taken by a
single theodolite observation of the radiosonde
balloon at 0930 MWT is shown in figure 60. Ia
the lower layers the wind was NE 4 mph up to 00
feet above the gronnd, shifting to SW 4 mph at
1,600 feet above the ground, and increasing to
SW 18 mph at 4,900 feet.

(f) Surface observations taken from 0230
MWT to 1030 MWT at the Army Mobile Weather

40

Station are shown in figure 61. Following 1s the
observation at 0930 MWT: sky elear; visibility,
50 miles; sea level pressure, 1,017 millibars; tem-
perature, 60°; dew point 49° F.;wind NE 4 mph.
Surface taken from radiosonde 854
nillibars, "

pressire

{(9) The aural observations of the sound cansed
by the explosion are plotted in figure 62 and ex-
plained in the accompanying table X. A total of
706 reports were received, of which 73 reported
hearing the explosion. i
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TaBLE X.—Aural reports of explosion, Test 1, Naval Proving Grozmd,'Arm, Idaho, 9:30 a. m., MWWT, 29 August 1945

No.

42

©00=IS U1 OB =

Observation point

Roseville, Calif______ __
Acampo, Calif_______
Menlo Park, Calif_ . ..
Sausalito, Calif______
Coronado, Calif .
Coalinga, Calif .
Alturas, Calif.
Saratoga, Calif .
Porterville, Calif_______
San Francisco, Calif____
Qakland, Calif

do._____ R
Three Forks, Mont_
AAF Depot, Ogden, Utah
Salt Lake City, Utah_.__

oo
Lofgreen, Utah__
Murray, Utah_______ __
Tooele, Utah__ . -
Magna, Utah_ .
Chehalis, Wash______
Mirror lake, Wash___
Portland, Oreg_ . ____
Rainier, Oreg .

Elgin, Oreg__ ______
Walla Walla, Wash_ _
Washtuena, Wash____
Firth, Idaho___
do. ... ___ - -3
Blackfoot, Idaho. - _ -
Firth, Idaho_______

Shelley, Idaho___
doo .
__.do._.

Idaho Falls, 1daho__
doo .

_____ do._._.

| Lorenzo, Idaho
Rexburg, ldaho
St. Antﬁon_v, Idaho.

Blackfoot, Idaho._ _
Areo, Idaho__
tdaho Falls, 1daho_
Sweet, Idaho____
Terreton, Idaho
Malad, Idaho |
Donnelly, Idaho
Pine, Idaho_
Idaho Falls, Idaho.
Righy, 1daho______
Castleford, Idaho
Filer, Idaho___
Rexburg, Idaho.
Idaho Falls, Idaho.

N rdor s S
Shelley, Hdaho. .
Rexburg, Idaho
Boise, Idaho.

Idaho Falls, tdaho..
Rexburg, Idaho
Bonners Ferry, 1daho
Firth, Idaho_______
Rexburg, Idaho__.
Culp Creek, Oreg.
Medford, Oreg. - -
Berkeley, Calif_
Cherryville, Oreg.
Newport, Oreg_ _

Waldport, Oreg______ _____.__ Iy I

Not
heard

Latitude Longitude
38 45| 121 20 |
o 38 15| 121 30
0 37 28] 122 15
) . 37 50| 122 30
. 32 40 | 117 10
: 36 09 120 21
T 4 25| 120 30
37 15| 122 00
- 36 02| 119 00
_____ i

Il as T3 111 30
R 41 12 12 01
.1 40 ml 112 30
N o 40 40| 111 55
. 40 30| 112 20
l 40 45| 112 10
| 46 40| 123 00
| 47 10 122 30
i | 45 32| 122 40
Tl 48 05| 122 85
| 45 30| 117 56
46 04| 118 20
. 46 45 118 20
T 43 150 112 08
- 143 15 112 08
43 15| 112 15
43 18| 112 05
l 43 20| 12 15
o 43 18| 112 o8
| 43 20| 12 o8
43 30| 112 04
[ 43 40’ 112 02
. 43 29| 112 08
43 40| 1M1 35
S 43 50| 111 56
boa3 57| o4
43 30 113 03
4377387 112 00
46 00 116 18
43 50 112 30
.42 08, 112 06
44 42| 16 05
43 38 115 20
43 28 112 08
43 39| 112 00
42 30| 115 00
42 32| 114 37
43 49| 111 50
43 28i 12 15
43 27| 111 56
43 20 112 05
43 49 111 50
43 31| 116 00
43 25| 112 05
43 48 | 111 40
48 40 116 20!
|43 19 12 1

i 43 45| 111
| 43 45| 122 50

Heard time
MWT

.5

Remarks

Roar.
Boom.

Faint boom.

Sharp jar.

Hard bang of door.

Windows vibrated.
Low long-toned rumnbles.

Very loud.

Like dumping dirt.
Like a blast.

Large blast at distanee.
Like a shotgun.
Distant thunder.
Fairly loud.

Charge of dynamite.

Heard plainly.

Losw rumble.

Barely heard.

2 claps of thunder.

2 distant hlasts.

2 explosions (not loud).

Smelled powder, saw
smoke, lieard faint noise.

Distant roar.

House shook—09:34.

Medium loud.

Muffled blast—2.

Clearly heard.

Distant thunder roar.

Shook house.

Saw smoke—2 explosions.

Thump.

House shook.

Blast.

Three blasts.

2 short rumbles.
Distant thunder.

Like distant thunder.
Like thunder.

2 muffled sounds.
Charge of dynamite.
Slight jar—3 sharp raps.
Blast.

Quite lond—saw smoke.
Like distant thunder.
Doors rattled.

Loud boom.

Rattled doors—09:36.
Doors rattled.

Low rumbling blast,
Dull shot, shook doors.
Roar like thunder.

Like dynamite.

Like morning salute.

Distinet, fairly loud.
Very dult sound.
Canie from ocean side.
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TawsrLe X.—Aural reports of explosion, Test 1, Naval Prmnng Ground, Arco, Fdaho, 9:30 a. m., MIU'T, 29 August 1945—Con.

No.

201

205

215

220

304
305
306
307

309
310
311

312

313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331

Observation point

Forney, 1daho
Poeatello, 1daho.
Righy, ldaheo.____
Blackfoot, 1daho
Firth, Idaho

do_
Thronton, Idaho _
Idaho Falls, 1daho
Rigby, 1daho
1’loa~ant Girove, Utah

*

Olympia, Wash

Winnipeg, Manitoba

Portland, Oreg

San Franciseo, Calif

Colville, Wash _

Longview, Wash___

Ainerican Falls, Tdaho.

Heber, Utalr . __

Salt Lake City, Utah____

Hillsboro, Oreg

Shelley, Idaho___

Idaho Falls, Tdaho-.

Mountain Home, Idaho

Kings Canyon National Park, Calif.
San Francisco, Calif
Baker, Oreg_. __
Poweli River, British Columbia______
Redmond, Oreg - S
])onnell,\'. ldaho

Fallon, Nev____ -
Herniston, Oreg_ - _ R

Phoeniz, Ariz

Idaho Falls, 1daho_

Missoula, Mont

Longview, Wash___

*

Mount Laguna, Calif _
La Grande, Oreg ____
Lebam, Wash__

Laerosse, Wash_.

Deadwood Dam, Idaho.

Twin Falls, Idaho - _ _

MeCall, 1daho .

l1daho Falls, ldaho

Areo (1 mile), 1daho .

Howe, 1daho -
Roek Creek Ranger Statum, Idaho___
MeCall, Idaho . . _ __. -

San Jaecinto, Nev .
Winnemueea, Nev

Laketown, Utah

Logan, Utah__

Garland, Mont

(uster, Mont _

Fort Bridger, Wyo o

Ola, 1daho
Cedarville, Calif
Ft, Bidwell, Calif
Fort Hall, 1daho
Yelland Field, Ely,
Auburn, Calif.
Eureka, Nev
Oakley, 1daho
Salinon, Idaho__.
San Franeiseo, Calif

Crescent City, Calif -
Brady, Mont____ . -

Nev

Latiiude ' Longitude '

48
46

40
10

, llm\r(l timo |
AV

Not
| 'hwml
Al |
114 40 | i
112 51 | !
' * |« !
[ |
X
- X
X
| X \
[ 117 45 y
122 55 {
I X
[
5
_|
121 10| . _.
116 05 | _
| 118 40 i X
| 119 20| «x
| | X
X
| * * [
I 116 25
| 118 20
[ 123 31
| {
117 53
115 39
114 28
116 06
112 03
113 18 | |
113 00 |
114 20 | -
) X |
114 29
117 43 x|
111 19
111 49 | «x
105 56
107 27
110 24
116 15 )
120 07 | «x
120 00 | «x
112 26| «x
114 52 | «x
121 04 | «x
16 00| «x
113 54| «x
113 53| «x
- RO X
124 12| «x
FI1 21 |

09:44
09:31 |
09:30
09:31. 5
09:32
09:35
09:33. 5 |
09:36
09:33
10:00

o |

|
10:50 |
10:47
10:05 |
09:40
09:49
09:35
09:35
09:43
10:51
10:28

10:32
10:11. 5

09:44
09:45
09:41
09:47. 5
09:34
09:32
09:32
09:43

09:45
10:22

09:51
09:47

| 3 distinet

Remurks

Light Dlast,

Lond distant thunder.,
Big blast,
Distinet heavy
Dull rumble-—2,
Rattled windows.

v thump.

Like a gun sonnd.
Distinet sonnd.
Blast,

Distinet clang.
Like loud thunder,
Rattled windows,
Low rumble,
Muffled shot.
Dynamite eharge.
Loud sharp report.
Slight jar.

| Distant but distinet.

2 explosions.

Boorm,
2 reports.

*

| .
Faint rumble.

Distant thunder,
rumbles fol-

lowed by a Dblast.

| Like distinet rumbles,

2 light, 2 loud.
Light sonud.
Distant thunder—2.
Weak rmmble.
Rumble,

2 blasts, then echo.
2 explogions.

2 distinet nnnbles,

Dull thud.

Multiple echoes.
Faiut then tond sonnd.

43



Tantk X.— Aural reports of explosion, Test 1, Naval Proving Ground, Arco, Idaho, 9:30 a. m., MW T, 29 Jugust 1946—Con,

No. | Observation point I Latitnde | Longitude Iu\.:.rtd ”‘:’\‘{“l‘.'.:.'"c Remarks

332 | Goldbutte, Mont. | 48 58| 111 23 | x |

333 | Dunkirk, Mont__ i | 48 39 111 31 x

334 | Crater Lake National Park, Oreg 1 X |

335 | T'ort Collins, CColo. L I 40 35 | 105 04 <

336 | Glacier National Park, Mont._ | . ~ i x |

337 | Lakeview, Oreg.__________ | 42 33 | 119 39 X .

338 | Roland, Idaho | 47 21| 115 40 x|

339 | Sexton Summit, Oreg | 42 36 | 123 22 | X -

340 | Moose, Wyo___ I 43 49 110 41 | x|

341 | Trona, Calif . 35 45 117 30 | x| 5

342 | Elk Valley, Calif . _ 142 00| 123 42| x| )

343 | Telegraph Creek, Mont_ 47 47| 107 38| x |

344 | Ocecanside, Calif __ 33 14 117 25 x|

345 | Lamar, (‘olo_ . I 38 04 102 37 X

346 | Prospeet, Oreg 42 47| 122 29 x| -

347 | Independence, Calif - 37 00| 118 00 X 5

348 | Gold Creek, Nev. __ . 41 45 115 40 x | - .

349 | Hamilton, Mont_ 46 15| 114 09| x |____ A

350 | Grouse, Idaho__ - 43 42| N3 37| «x .

351 | Glenns Ferry, Tdaho R 42 571 115 19 x |

352 | Challis National Iforest, Idaho__ _ .. 44 36| 114 28 X .

353 | Fenece Meadow Lookont, Calif ____ 37 00 Ho 10, x )

354 | Tip Top, Wash_____________ ) 47 37 120 35 X .

355 | Hoodsport, Wash_______________ .l 47 25| 123 10 I X N

356 | Grace, Idaho___. - -l 42 350 I 44 x|l

357 | Ingomar, Mont________ .l 46 13 107 19 EN -

358 | Barton Flat, Idaho ) oar 03| mzoag | x|

359 I Cloverdale, Oreg ... ____ - 45 1N 123 53| x

360 | C‘ulbertson, Mont____ 48 08 | 104 32 X ’

361 | Tonopah, Nev. __ | 38 04 117 06 X .

362 | Grand View, 1daho - | 42 59 | 116 06 ' b S P

363 | Rosalia, Wash___ - - 47 14 117 21 [ x -

364 i Sherman Branch Experiment Station, | 45 27 | 120 42 X - ‘
Oreg. | ]

365 | Langden, N. Dak_ . _________ i 48 46 98 20| «x |

366  Ochora Forest, Calif . __ - 40 20 120 20 X

367 | Mackey Ranger Station, Idaho. 43 a5 | 113 36 X

368 | Redding, Calif - _____ . 40 42 122 24 X -

369 | Cajon, Calif ___ 34 20 117 3 X

370 | Loekheed Air Terminal, Calif . |34 12 118 22 X

371 | Death Valley, Calif ___ : 3600 116 00 X --

372 | Pomona, Calif __ 34 04 117 44 X -

373 | Santa Clara, Calif__ __ 37 20| 121 57| «x -

374 | Bishop, Calif. 37 22 118 25! «x

375 | Tehachapi, Calif 35 08 118 27 X

376 | Westhaven, Calif l | X

377 | Middlewater, Calif 35 33 119 52 X -

378 | Coachella, Calif 33 15 11610 X

379 | Long Beach, Calif 33 47 118 10 X

380 | Santa Rosa, Calif 38 26 122 42 X

381 | Mount Shasta, Calif 41 17 122 16 X

382 | _do 41 18 | 122 18«

383 | Blue Canyon, Calif 39 16 120 45 X

384 | Pasadena, Calif 31 03 118 10 X

385 | Tahoe, Calif i 39 10 120 10 N

386 | Oakland, (‘'alif | 37 43 122 13 X

387 | Sandberg, Calif 34 45 | 118 44 .

388 | Arlight, Calif 31 3 120 36 | «x -

389 | Newhall, Calif 34 24 118 32 X

390 | Goleta, Calif 34 25 119 48 X -

301 | Fresno, Calif 36 43 119 19 X _|

392 | Lodi, Calif - 38 07 121 17 X |

393 | Los Angeles, Calif - __ 34 03 118 15 X f

394 | Red Bluff, Calif . 40 09 | 122 15 X

395 | Los Angeles, Calif 31 03| 118 32 |

396 | Beaumont, Calif | 33 56 116 56 X |

397 | Palomar, Calif 33 21 116 5 X

398 | Mareh Field, Calif S 83 a3 17 15 x ]

399 | San Diego, Calif | 32 43 117 10 X

400 | Needles, Calif - 31 47 114 38 X |

401 | 191 Centro, Calif 32 19 115 39 X -

402 | Donner Summit. Pass, Calif 39 19 120 20 X .

403 | Sacramento, Calif - | 3% 31 121 30 A



Tanve N.—.dural reports of explosion, Test 1, Nuval Proving Ground, (reo, Idaho, 9:30 a. m., MW T, 29 August 1945—Con,

No. Observation point Latitade Lougitude h:-.:;—ld lh::\ll“\l\'l’;‘mc Remarks
| | ° ' ° ’ |
404 | LFurcka, Calif 40 48 124 11 .
405 | Oakland, Calif ; 37 #4 122 12 -
406 l Tperial, Calif 32 51| 115 34| o
407 | Bakersfield, Calif i 3 25 119 03 | | el
408 | Lake Arrowhead, Calif 34 15 117 11 P
409 | Baker, Calif______ - 35 20 116 05 |
410 | Mojave, Calif _ . i [ 314 86| 118 11
411 | San Bruno, Calif 37 387 122 23 |
412 | Williams, Calif ___ 39 06 122 09 !
413 | Mount Hamilton, Calif_. | 37 20| 121 40 |
414 | Santa Cruz, Calif______ . 37 05 122 06 |
415 | Ukiah, Calif . __.____ 39 08 123 12 i
416 | King City, Cahif_ - 36 13 121 08 |
417 | Santa Maria, Calif _________ 34 54 120 27
418 | Yosemite National Park, Calif | 37 45 119 49
419 | Rice, Calif________________ o 34 09 115 07 ! -8
420 | Brookings, Oreg ) | —_— P, | -
421 | Baker, Oreg._._.____ e 44 46 117 51 | x| ..
422 | Vale, Oreg_ . _____ 2| 43 58 M17 15| x|
423 | Burns, Oreg.__ . _________ 43 35 119 08 | x| _____
424 | Canyon City, Oreg_______________._. - 44 23 118 58 |- e eeeeee e
425 | Pendleton, Oreg .- ________. 45 4 118 51 | P,
426 | Prineville, Oreg 777 [ 44 19| 120 62| x |LIIIDI0T0T !
427 | Springfield, Oreg. .. ____________ 44 06 122 41| x | __________ |
428 | NeMinnville, Oreg S 45 12 123 12 | x |o_.____..
429 | Forest Grove, Oreg _ 45 31 123 05 [
430 | Salem, Oreg. - ... ____ . 44 55 123 00 ~x oo _______
431 | Dallesport, Oreg. . _______________ - 45 37 121 09 |-
432 | Medford, Oreg .. T 12 23 l 122 52 | x|l
433 | Enterprise, Oreg__________________ .- 45 24 117 19 | x| __________
434 | Baker, Oreg___ . ____ . ________.____ 44 52 117 51 x |oo__._____
435 | O e - 44 52 117 51 x| .. |
436 | Creseent, Oreg. .o ____ e 43 28 ‘ 121 42| x oo .______
437 | Siskiyou Summit, Oreg____ ___________ 4205 122 34 | x  |_______.__
438 | Portland, Oreg _________ - S 45 36 122 36 x |_o______.__
439 | Fugene, Oreg el 44 07 123 13 | ~ |__________
440 | Mount Hebron, Calif______ . 41 47 122 10 ~x | ________.__
441 | Shasta County, Calif_ [ 40 44 122 30 { __________
442 | Portland, Oreg______. - [ 45 33 122 34 x |_________
443 | RRoseburg, Oreg R - _ 43 13, 123 20 x | __.______
444 | Bellingham, Wash________________ - 48 48 | 122 32 | x  [Lo_._____
445 ’ Diablo Dani, Wash. - _ 48 43 121 08 R,
4406 it I

447 | Yakima, Wash - - 46 34 120 32 |

IZaston, Wash_ __ R 47 15 121 11
448 | Ephrata, Wash - . | 47 181 119 31

L AAALA LA A AL LA ALALLLAL L ALLALAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAL B A AL AAAAAAAA ALK A A A A 2

219 | Prosser, Wash _ o 4620 119 50 | I
450 | Newport, Wash._ - - - S - - -
451 | Stehekin, Wash o | a8 20| 120 427 L
452 | Walla Walla, Wash 46 06| 118 17 | .
453 | Spokane, Wash - 47 40 117 20 |
454 | Goldendale, Wash 45 40 120 50 | x| __._.
455 | Pullman, Wash 46 45 117 15 | .
456 | Stevenson, Wash 45 43 121 50 | | P
457 | Naches, Wash 46 20 120 19 | R
458 | Ellensburg, Wash 47 01 120 29 | ~x |- ___
159 | Snoqualmie, Wash 47 31 121 15 | J
460 | Kelso, Wash___ - - 46 08 122 55 | B
461 | Ariel, Wash 46 00 122 30 | I

162 | Coulee Dam, Wash : 17 58 118 59 S o
463 | Olyvmpia, Wash_____ 46 a8 122 04 - -
464 | Forks, Wash 17 55 124 23 - N
465 | Omak, Wash___ - . 48 206 119 32 | e
466 | Alder, Wash - 16 50 122 16 | I R
467 | Colville, Wash 48 32 117 52 R
468 | Winlock, Wash. . 46 29 122 48 -

469 | North lTead, Wash 46 18 124 05| x Joo________
470 Cle Elum, Wash 47 15 120 50 | x  |_________
471 | Ellensburg, Wash 47 02 120 31 R,
472 | Cocur d’Alene, ldaho 47 46 116 49 SoS ol e
473 | Idaho City, Idaho - 43 50 115 50 - :
471 | Grangeville, Idaho 46 00 116 00 el
475 American Falls, ldaho 42 16 112 52 -
176 | Driges, Idaho - 43 43 11 07 ' x ooo____ -

45



No. | Observation point
477 | Gooding, I1daho. .-
478 | Island Park Dam, Idaho._______
479 | Gray, Idaho - .. ___________
480 | Porthill, Idaho. ____________
481 | Sugar, Idaho_________________
482 | Caldwell, Idaho
483 | Rigby, Idaho____
484 | Ashton, ldaho_ __ =
485 | Irwin, Idaho
486 | Winchester, Idaho
487 | Blaekfoot, Idaho.
488 | May, Idaho____ -
489 | Moscow, Idaho
490 | Malad City, Idaho.
491 | Strevell, Tdaho__ .
492 | Preston, Idaho.
493 | Mullan, Idaho_ -
494 | Cottonwood, Idaho -
495 | Payette, Idaho_ . __________
496 | Boise, Idalio.
497 | Challis, Idaho.. -
498 | Hailev, Idalio .
499 | Obsidian, Idaho -
500 | Burley, Idaho. -
501 | Reno, Nev.._. -
502 | Fallon, Nev.______
503 | Beatty, Nev__ __ R
504 | Humboldt Field, Nev_______
505 | Reno, Nev_________ . -
506 | Battle Mountain, Nev___ R
507 | Tonopah, Nev_____ -
508 | Owyhee, Nev____
509 | Pioche, Nev___. .
510 | Clayton, N, Mex____ :
511 | Prescott, Ariz_ . __ -
512 | Nixon, Nev____ .
513 | Payson, Ariz__ -
514 | Gila Bend, Ariz .
515 | Prescott, Ariz_ .
516 | Tucson, Ariz_ -
517 | St. Johns, Ariz._
518 | Cochise, Ariz_____ - -
519 | Holbrook, Ariz_._ o
520 | Flagstaff, Ariz___ _
521 | Globe, Ariz_
322 | Acomite, N, Mex_ __
523 | Moriarty, N. Mex
524 | Engle, N. Mex__
525 | Tuewneari, N. Mex _
526 | Clearcreek, Utah
527 | Ogden, Utah____
528 |. do__ -
529 | Fairfield, Utah.
530 | Woodrnff, Utah - -
531 | Milford, Utah__ -
532 | Delta, Utal___. -
533 | Kanab, Utah___ I
534 | Fillmore, Utah. -
535 | Roosevelt, Utah
536 | Willard, Utah_.
537 | Salt Lake City, Utah___
538 | Coalville, Utah___. o
539 | Deseret, Utah._
540 | Fort Duchesne, Utah____

. 541 | Grantsville, Utah_ __
542 | Park Valley, Utah -
543 | Luein, Utalh_____
544 | Brigham City, Utah -
545 | Bryee Canyon, Utah.
546 | Buff, Utah_____ R

547 | Moab, Utah_
548 | Modena, Utah
549 | Blanding, Utah

46

‘ Latilude i Longitude 'lf::rtd
! 42 55| 114 47| «x
| 44 261 111 24| «x
| 43 04 111 22| «x
49 00| 116 30| «
43 52| 111 46| «x
| 43 39 116 41 | «
43 38 | 111 46 | x
44 05 111 27| «x
43 24 | 111 18| «x
[ 46 14 116 36 X
43 11| 112 21 X
| 44 36| 113 55| «x
| 46 44| 117 00| «x
42 10 112 15| «x
42 01| 113 13| «x
[ 42 05| 111 52| «x
| 47 27| 115 40| «x
a6 03 116 21 X
44 05 ] 116 56| «x
43 34| 116 13| «x
44 30| 114 14| X
43 31| 114 19| «x
| 43 57| 114 49 | «x
42 32| 113 43| «x
| 39 30| 119 47 «x
39 25| 118 43 &
36 55 116 15
40 02 118 11 x
39 30| 119 47| «x
40 32| 116 52| «x
| 38 26| 117 12| «x
41 A8 116 06 | «x
37 55| 114 30| «x
36 27| 103 09| «x
34 27| 112 24| «x
39 48 | 119 21 x
34 00| 111 00| «x
32 18 112 45|
34 39| 112 26| «x
32 07| 110 35 | «x
34 31| 109 21’ x
32 02| 109 55 | «x
34 49| 109 52| «x
35 30| 111 50| «x
| 33 24| 110 47| «x
33 03] 107 45| x
35 05| 106 00| «x
33 11| 106 50 | «x
35 11| 103 36| x
| 39 38| 111 09| «x
41 12| 112 Ot x
41 12 112 01 x
| 40 20| 112 03| x
41 31| 111 09| «x
| 38 26| 113 00| «x
39 23| 112 31 x
37 03 112 32| «x
38 58| 112 20| «x
40 18| 109 59 | «x
41 30| 112 00| «x
40 47 111 58 | «x
40 55| 111 24 | «x
39 17| 112 39| «x
40 18| 109 51 x
40 36| 112 28 | «x
41 50 113 20| X
41 22| 113 50 «x
| 41 28| 112 16 | «x
| 37 38| 112 10 x
37 18| 109 33 | «x
38 34| 109 33 «x
| 37 41| 113 40 «x
37 38| 109 28  «x

| ""‘,‘\‘1"‘1\.‘.}.'"0 | Remiarks

'
'
P I B R A I B |

'
[ T T T S T B A |
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Tavrr X.—Aural reports of explosion, Test 1, Naval Proving Ground, Arco, Idaho, 9:30 a. m., MWT, 29 August 1945—Con

e e U -
No. || Observatien point l Latimde Tongitude | h‘:a:;'td ""{‘{“l‘-',:‘"w Remarks
| | )
o ’ o ’ ) I ) ) - T - T
550 | Salt Lake City, Utah. _ 40 16 | 111 54 [
531 | Forks, Mont___ - - 48 46 | 107 26
552 | Glasgow, Mont . - - _. 48 11 | 106 38 i _
553 | Cut Bank, Mont . -| 48 36 112 22

554 | Westby, Mont __
555 | Butte, Mont___ -

- -- 48 53 | 104 03
- - 45 58 112 30

556 | Barber, Mont I ... 46 18| 109 23| -
557 | Mildred, Mont CE S A R 46 41 | 104 56 R
558 | Wyola, Mont. - R - 45 08 | 107 24 |

539 | Plains, Mont. - 47 20 114 50
560 | Whitehall, Mont IS, 45 48 112 16 |
561 | Billings, Mont. - 15 48 108 32

562 | Bozeman, Mont oM } 45 40| 111 00

563 | Jordan, Mont. . 47 30 106 50 | —-
564 | Ekalaka, Mont__ . o 45 53| 104 34 |

565 | Mystie Lake, Mont. - 45 14 109 45 !

566 | Lewistown, Mont. I - 47 03| 109 27 oo
567 | Miles City, Mont_ e - 16 26 | 105 52 .
568 | Helena, Mont______ - - 16 36 112 00 | .
569 | Dramnmond, Mont - ) 46 38 113 11 ;
570 | Lame Deer, Mont___ - - 45 38 106 40 -

571 | Stevensville, Mont -
572 | Missoula, Mont._ S
573 | Wisdom, Mont

574 | Great Falls, Mont N

- 46 18 114 3¢

= = 45 5H 114 05
I 45 410 113 30
- 47 30 111 21

575 | Darby, Mont____. . S 16 03 114 11 .
576 | Harlem, Mont_ R 48 42 | 108 47 ' _
577 | llavre, Mont_ P 48 34 109 40 P
578  Browning, Mont. _ e 418 34 [ 113 01 . _
579 | Kalispell, Mont [ 48 10 114 25

580 ' White Sulphur Springs, Mont____ - 16 32| 110 53 - .
581 | Hangan, Mont_ ___________________ 47 22 115 24 _
582 | Lonepine, Mont memmmmmmmemmmoo 47 43| 114 39 -
583 | Lima, Mont_____ P - 44 39 112 36 -
584 | Fairview, Mont R 47 51 | 104 01

585 | Livingston, Mont. o R 45 40 110 32

586 | Dillon, Mont_ - 45 15! 112 33 i -
587 | Libby, Mont. .- . - 48 24 115 32 .
588 | Augusta, Mont___ § - 47 36 | 112 47

589  Frazer, Mont___ -
590 | Stanford, Mont R .
591 | Crow Agenev, Mont. [ 45 35
592 | Helena, Mont -
593 = Winnett, Mont. -
584 | Lusk, Wyo___________ _ §
595 | Sinelair, Wyo______ I
596 = Laramie, Wyo e
597 | Wardwell Field, Wyo_ -
598 La Bange, Wyo.__.

599 Lander, Wyo___________
600 Cheyenne, Wyo. s

S0 48 04 106 02
110 12 |
107 20
. : 47 30| 110 00
- 47 00| 108 20
| 42 44| 104 28

41 48| 107 03
| 41 18| 105 40

42 55| 106 20
ol 42 15| 110 20
..... - 42 50 | 108 45
[ 41 09 104 49|

1)
1]
'
]
Ll
L}
N
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=
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601  Douglas, Wyo. - emmeoooo | 42 44 105 22 -
602 | Big Piney, Wyo___ e 42 32 110 03 | .
603  Rock Springs, Wyo_______ .| 41 36| 109 06 | ; .
604  Sheridan, Wyo_ ____ I .- 44 46 106 58 e
605 | Pueblo, Colo. . R - 38 14 104 38 | | -
606 La.Junta, Colo. - ______ . _ _______ 38 03| 103 57 e N |
607 | Leadville, Colo - 39 15 106 18 |
608 | Mesa County, Colo 39 06 108 44 |

609 | Stapleton Ficld, Colo . 39 46 104 53 -
610 | Denver, Colo____ | 39 45 105 00 |

611 | Trinidad, Colo. - 37 16 104 20 [ -
612 | Akron, Colo ‘ 40 10| 103 10 |- .
613 | Estes Park, Colo___ _ - 40 25 105 45 | .
614 | Alamosa, Colo___ ._| 37 26 105 51 | _ _l
615 | Overton, Nebr b 40 44 99 26

616 | laves Center, Nebr - 10 31 100 38 ’ e
617 | Lincoln, Nebr - 40 52 96 46 .
618 | North Platte, Nebr L an 08| 100 45 >
619 | Sidney, Nebr ; - 41 08 102 59 I
620  Chadron, Nebr 12 50 103 05 |- .
621 | Scotts Bluff, Nebr - - 41 52 103 36 -
622  North Platte, Nebr ___.____ 41 08 | 100 12 | _ ey

417



TanLe X.—.lurai reports of ex plosion, Test 1, Naval Proving Ground, drco, Idaho, 9:30 a. m., MWT, 29 duqgust 1945-—Con,

[
No. Observation point Latitude Longiiude : h!::r'd _' "‘:{‘{"l\.'.{.m“ Remarks
e —— e S— S F—— — —— [ e N p— el

| | ° ’ ° ' |
623 | Big Springs, Nebr________________ 4 05| 102 07 | .
624 | Grand Island, Nebro_ - Y——_ | 40 59 98 18 e
625 | Pierre, 8. Dak_oo___________________ 2 100 17 | [ ;i
526 | Philip, S, Dak_____________._____ . 44 03 101 36 -
627 | Huron, 8, Dak . _____ . 44 21 98 14 -
688 | Rapid City, 8. Dak____________ R e 103 06 R
629 | Velva, N, Dak_______ 2770 48 05| 100 53 |
630 | Linton, N. Dak__ P - oo 46 160 100 14 -
631 | Kensal, NoDak__________.._________| 47 15| 98 52
632 | Jamestown, N, Dak__ _ NN 46 5 98 41 |
633 | Amidon, N. Dak ___________________ 46 29 | 103 30 R
634 | Foxholm, N. Dak _____._______________ 48 30 101 33 |
635 | Petersburg, N, Dak__________. I, 48 00'| 98 00
636 | Rughy, N. Dak____________________ 48 30 | 99 00 -
637 | Devils Lake, N, Dak__ oo 48 07 98 52 _
638 | Ashley, X. Dak_______ 71770 ' 46 02| 99 2] . ,_
639 | Minot, N, Dak _______________ e 418 16 101 17
640 | Ellendale, N. Dak —___ 7 77770000 | 45 58| 98 s8R ' o
641 | Bismarek, N. Dak__________________.__ | 46 47 | 100 46 |
642 | Grand IForks, N, Dak_________________ 47 56 97 05 | _
643 | Fargo, N. Dak . ___ . _________________ |46 54 96 48 - _
644 | Pemnbina, N, Dak_____ ______ _____ | 48 55 97 10 |
645 | Golva, N. Dak ___ __________________ ' 46 40 103 57 _ 1
646 | Steele, N. Dak.__ .. . 11100 46 51| 99 56 ' .
647 | Valley City, X. Dak____________2_717C | 46 56| 98 o0 | S
648 | Garden City, Kans______________ | 37 58 100 59 | )

649 | Goodland, Kans_
650 | Dodge City, Kan

MAAAAAA AL AAANAAAA A AL A A LA A AL AA LA A A A A A AR LA AAA AR AL AAA AL ALAAA AL AL AAA AR A SN
i

651 | Twin Peaks, Calif______ R, 34 15 117 30| B ~
632 | Congress, Ariz. . _______ T s 1w 2 ow
653 | Chinle, Ariz.._ ... _______ 36 09| 109 32 -
654 | Skull Valley, Arizoo______. el 3430 112 40 S
655 | Fredonia, Arizo oo _ oo ___ - _-_| 36 57 112 32 e
656 | lolbrook, Ariz_____________________. 34 49 109 52
657 | Navajo, Arizo___________ P, ._.i 36 40! 110 31
658  Coolidge, Aviz__ . ______________. 33 00 110 32 :
659 | Flagstalf, Arviz______________________ I35 161 111 45 _ |
660 | Grand Canyon, Ariz R 36 03 112 08
661 | Alpine, Ariz__________ R - & 11 109 08 |
662 | Ajo, Ariz__________ e - 31 55 112 50 -
663 | Jerome, Ariz.__....___..._._._.....__..| 34 50 112 10
664 | Ajo, Ariz__ R, - 32 22 112 51
665 | Payvson, Ariz . Ceceo 3416 111 28 _
666 | Nogalex, Ariz _ . . I 31 16 110 59
667  Benson, Ariz B P 31 45 110 17 . -
668 | Kingman, Ariz - - 35 10 111 05 | _ _
669 | Silver Lake, Ariz_ . - 3%t 30 110 05| '
670 | Brokeoff M¢. Calif - - 40 27 121 34
671 | Canyon Clity, Oreg 44 25 119 00 |
672 | Chico, Calif_____ . 39 42 121 49 -
673 | Mineral, Calif_____ 40 21 121 34
674 | Zion National Park, Ufah 37 15 112 59
675 | Las Vegas, Nev el 36 16 115 38
576 | Sacramento, Calif___ 38 30 121 30
677 | Adaven, Nev_______ 38 06 115 30 | N
678 | Los Angeles, Calif__ 33 56 118 23 |
679 | Mount Hood, Oreg 45 20 121 43
680 | Raiwee, Calif 36 22 118 00 | - oo
681 | Three Creek, daho : |42 03 115 10
682 I St, Tgnatius, Mont 47 18 114 05 |
683 | Badger, Calif .. _. - 36 30 118 06
684 | Juntura, Oreg . [ 43 45 118 05 N
685 | Bitleroot Nafional Forest - - 45 50 11 40
Hy6 _odooo oL 45 35 111 50 |
687 | Kayeee, Wyo 43 40 106 39
688 | Mt. Montgomery, Nev 38 00 18 16 |
0689 | Tish Lake, Utah 38 10 11150
690 | Rapid €City, S. Dak., Seismological Sta- 44 46 103 12
tion, |
691 | Seattle, Wash : 47 30 122 15| «x
692 | Lester, Wash 47 17 121 20 X
693 | Broadus, Mout__. - 45 26 105 25 «x I
694 | Austin, Nev 39 29 117 02 X



Tasre N.—.Aural reports of explosion, Test 1, Naval Proving Ground, Arco, ldaho, 9:30 a. m., MIUT, 29 August 1945—Con.

?

No. Observation point | Latitude Longitmie I;}x:'rld "(:“\‘{(\l\"’ll'"m Remarks
o ' ' [

695 | Riggins, 1daho. - 45 26 116 19 X

596 | Springerville, Ariz. 34 07 109 34 X

697 | Angela, Mont e 46 47 | 106 08 X

(98 | Portland, Oreg. 4610 122 55 X

699 | Pierce, Idaho. ____._________ 46 29 115 48 X

700 | Anatone, Wash 46 00 117 00 X |

701 | Bonanza, Oreg. 42 17 121 07 X i

702 | Rock Island, Wash ) S | X

703 | Salt Lake City, Utah . 10 36 111 57 x |

704 | ____do____________. - : 40 46 111 57 X -

705 | Flag Mountain, 8. Dak__ . - 44 04 103 49 X

706 | Douglas, Ariz. ... ... ______ g 31 20 109 30 X

707 | Oro Blanco, Ariz__ n . 31 30 1 15| x -

708 | Elko, Nev__ R I-- 140 55 115 45 X

709 | Anton Chico, N. Mex 30 08 105 05 X

710 | El Morro, N, Mex_. 35 01 108 21 X

711 | Las Vegas, N, Mex. 4 o X L

712 | Santa Fe, N. Mex._ 36 38 106 06 X Ik

713 | Albuquerque, N. Mex_______ 35 03 106 37 X It

714 | Carrizozo, N, Mex_______ 45 00 105 00 X 18

715 | Gnymon, Okla____ R 36 40 101 30 X -

716 | Mogollon, N, Mex_____ 33 24 108 48 X -

717 | Raton, N, Mex__ . 36 45 104 30, x B,

718 | Des Moines, N. Mex 3¢ 46 103 50 x | il

719 | Tucwmweari, N. Mex e 35 12 103 41 X I

720 | FFort Wingate, N. Mex e 35 00 108 30 X -

721 | Aztee, N. Mex - oo . 36 48 108 00 X O,

722 | Grants, N, Mex______ PO SURS ) | E X ool

723 | Tyrone, M. Nex______ 32 35 108 26 X fooo____.

724 | Santa e, N. Mex e 33 40 105 55 X - i

725 | Jensen, Utah________ 40 27 109 20 x -

726 | Paso Robles, Calif ; 35 36 120 39 X .

727 | Los Angeles, Calif. = 34 37 118 05 X i

728 | Bunker 11ill, Calif. 39 02 122 22 X - -

729 | Hanksville, Utah - - 38 23 110 47 X

730 | Conrad, Mont e - 48 10 111 58 X e

731 | Mesa Verde, Colo 37 12 108 30 X |

732 | Paradise Valley, Nev_ __ 41 29 117 31 X |

733 | Tatoosh lsland, Wasl. 18 23 124 44 X |

734 | Odell, Mont__ .. ___ 45 35 113 15 X

735 | Dillon, Mont__. 45 15 12 40 x '

736 __do_ ... 15 15 112 40| «x l

737 | Moose Creek, 1daho - 46 08 114 55 X |

738 | Ward Mouatain, Mont 46 10 114 12 X I

739 | Palisade Mountain, Mout. 47 20 113 50 X '

740 | Cabinet National Forest, Mont 48 00 116 00 X

711 | Pierce, 1daho. - 46 50 116 00 X

742 | Coenr D’Alene National Forest 47 43 116 29 A

743 | Coeur d’Alene, ldaho - 47 43 116 29 X

744 | Mullen, Idaho_ . 47 28 115 46 X

745 | Wallace, 1daho 47 34 115 50 X

746 | Coecur d’Alence, ldaho 47 4 116 40 X

747 | Mount Cocur d’Alene, Tdaho 47 15 116 40 X

748 | Quartz Mountain, Wash___. 18 30 119 40 X |

749 | Colville National Forest, Wash 48 Hd 118 23 X ]

750  CIHY Ridge Lookout, Wash_ 48 25 117 15 X

751 | Red Lodge, Mont______ 45 20 109 20 X

752 | Ashland, Mont 45 45 106 15 X

753 | Parker, Ariz 34 09 114 17 X

754 | Camp Crook, 8. Dak 15 32 103 59 X

755 | Grassy Mount Lookout, Mont 4602 113 00 X

756 | Whitehall Ranger, Mont___ 49 00 112 08 X

757 | Livingston, Mont__ ___ 15 40 110 32 X

758 | Metaline Falls, Wash . 18 50 117 20 X

759 | Hall Mount Lookout, 1daho 18 4 116 15 X

760 | Sand Point, 1daho 48 20 116 30 X

761 | Troy Ranger Stn., Mont 18 30 115 53 X

762 | Libby, Mont.._ . 18 03 115 18 X -

763 do._ . 18 21 115 32 X

7G4 | Slide Rock Mount Lookout, Mont 46 35 115 33 X

765 | Lolo, Mont - 1615 114 05 u

a=9:50 Distinet explosion,
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TapLe X.—Aural reports of explosion, Test 1, Navel Proving Ground, Arco, Idaho, 9:30 a. w., MIU'T, 29 August 1945—Con,

No.

766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
“791
792
793
794
795
796
797
798
799
800
801
802

803 |

804
805
806
807
808
809
810
811
812
813
814
815
816
817

RIR |

819
820
821
822
823
824
825
826

827 |

828
829
830
831
832

Obgervation point Latitude | Longltude |
o ’ o ’
Sceley Lake, Mont. | 47 13
Superiar, Mont__ 47 10 114 55
Fennt Ranger Statian, Idaha 46 06 115 30
Fish Creek Lookent, Mont__ 1 48 20 111 20
Coolwater Lookont, Mont | 48 30 110 40
Dixie, ldaho . 45 32 115 27
Daggett, Calif 34 H2 116 47
Willistonr, N, Dak.____ ) 48 09 103 35
Wallowa, Oreg._ . .. 45 26 116 37
Red Hill, Oreg. 45 47 117 02
Arlington, Oreg. ___ _ 45 43 120 11
Lincoln Co., Wyo. 12 30 110 00
Panhandle, Tex. - . 36 00 101 00
Pine Valley, Utali. . ___ 37 21 113 24
Sonora, Calif __ 38 00 120 22
Grand Junction, Colo 39 04 108 34
Couneil, Idaho. | 44 45 116 25
Happy Camp, Calif_ - 41 50 123 20
Springfield, Idaho 43 04 112 41
Angeles National Forest_ 34 22 118 12
Newhall, Calif_______ 34 38 118 25
Jerome, Idalm - 42 43 114 32
Modoe National Forest, Calif 41 25 121 28
do. ey =0 _ 57 - 41 48 120 19 |
Condon, Oreg 45 14 120 11 |
Baker, Nev | 39 00| 114 15 |
Flagstaff, Ariz____ i 35 12 111 40 |
Los Padres National Forest, Calif ____ 35 10 120 00

Santa Lueia Lookont Forest _ . __. I
Big Pine Lookout, Los I’a(lro::, Calif.___
Qjai, Calif R [
Olympia National Park____. .
Steamboat Springs, Colo..__ - -
Black ills National Forest, S. Dak_____ 44
Stundanee, Wyo________ S -
Idaho Springs, Colo_____ . S R
Black Hills, S. Dak ____ -
Maneos, ('olo., National Forest_____ I
Wapiti, Wyo______________ PR [
Painter, Wyo_ ______ e efene

Dubois, Wyo_________ ol 43
Sedalia, Colo__._______ - - 39
Halsey, Nebr § - 41
Neweastle, Wvo_ . - R |
Cicero Peak, 8. Dak . R 43
Harney Peak, S. Dak . - 43
Bear Mountain Loo]\out S. Dako._____ 43
Boulder Hill Lookont, 8, Dak_____ - 43
Parker Peak Lookont, S Dak.___ - 43
Summit Ridge Lookout, Wyo_ ________ 43

Elk Monntain, Wyo. _ ! S . 43
Chimney Rock Dyke, Colo. ... - ...
Roosevelt National Forest, Colo._ |
Boulder, Colo. . _ - U

Esterbrook, Wyo____ - - 42
Holmes, Wyo__ __ - - 41
Jelin Monntain, Wyo._ L.

Medicine Bow National I-or(‘\t \\\o - 41
Pagosa Springs, Colo___ o _________________.
Tensleep, Wyo___ 44
Bighorn National Forest____ = 44
Buffalo, Wyo________ - - 44
Safford, Arizona.__ - ; -l 32
Zamora, N. Mex_ 35
Gila National I<()r(*st N. Mex. R 33
Santa Fe National, N. Mex_ __ = 35
Theson, Ariz_ . ____ - 32

h=9:49 Distinet single blast.
e=9:50 Dull thnd.

d=9:48 5 Dlasts.

»=90:51 Faint blast,

f=9:48 2 rumbles.
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103 45
-- -
109 37
105 OO
100 17
104 08
103 34
103 32
103 45
103 24
103 41
104 03
104 03
105 20
106 13
106 32
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107 23
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106 23
108 36
106 33
110 42
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Single blast.




I'asre N.—Aural re_uorls of e:rploszons Test 1, Noval Proving Ground, Arco, Idaho, 9:30 a. m., MW T, 29 August 1945—Con,

- | . | i | Not | Heard time |

No. Observation point Latitude Longitude [ heard AMWT Remarks

833 | Suuflower, Ariz____ 33 58| 111 27 X -

834 | Iligh Rolls, N, Mex - . 33 00 105 42 X

835 | Winslow, Ariz . - 34 20| 111 00 X

836 | Pienris Peak, N, Mex_ .- 36 15 105 39 X |- -

837 | Ogden, Utal I 41 13 111 58 | - 9:45

838 -.do_. - e . - . R X

839 i : I o= - X

840 | Vernal, Utal - X

841 | Big Baldy Lookout, Idaho. - 44 42| 115 12 ... 9:45 | 3 distinet rumbles,

842 | Caseade, Ilaho._________ . 44 44| 115 40 | 9:45 Low rumble.

843 | .\rro“rock Idaho.__ e U R 9:45 3 distinet rumbles,

844 | Morehead, "Idaho. - _ 9:45 Strong earth tremor.

845 | Denskin, Idaho___ - - _ ) 0:45 Do.

846 | Idaho City, Idaho. . - — - 9:45 Runible.

847 | Thorn Creek Butte . X - -_I

848 | Seott Mountain, Calif. I - - X PR

849 | Kemmerer, Wyo. - 41 48 110 32 S| -

850 | Willard, Logan Utah - - e - bl L -

851 Unnl\'x Peak, Idaho. - 42 50 112 2050 X M- —osm oo

852 | Malad City, Idaho [N F SRR B SN -

833 | Challis National, Tdaho. R U S -

834 | Challis, Idalo. 44 30 114 14 X -

855 | Rieltfield, Utah____ ; o | X |---

8536 | Angel Lake, Nev____ _ 41 00 115 51 X -

857 | Lly, Nev ) — x

858 Ia])hranu Crah__ . ) 39 20 | 111 80 X

839 | Salmon, Idaho_ .. - ~ . I X

860 _do._. o | . X

861 | Obsidian, Idaho 43 58 114 45 | x -

862 | Iron Mountain, Idaho___ - ; 43 32 115 03 - 9:41

863 | Hailey, Idaho_ _. - _ R L -

864 | Bald Mountain, I(laho - - R X - ---

865 | Teton Pass, Wyo.__ 43 30 110 57 l 0:39 | Single sound.

866 = Bishop \louutam Lool\out Idaho - _ 44 20 111 34 b O Y

867  Jackson, Wyo e 43 29 110 46 X |-

868 | Paradise Valley, Nev__ _ = | x

869 | Coleville, Calif 38 12 119 26 X

870 | Uinta National, Utali_ - X

871 | Mill Creek Ranger Station, Utah 40 56 110 44 - 9:51 2 faint sounds.

872 | Grantsville, Utah X -

873 | Chelan National Forest, W ash_ . 48 45 120 04 X N - :

874 | Twisp, Wash . . b S

875 | Carson, Wash. - 45 48 122 06 R 9:59 Sharp report

877 | Lake View, Oreg i p— X -

878 | Nilver Lake, Oreg. 43 20 121 20 X

879 | Mt, INood Forest Lakes 45 01 121 39 X |-

880 | Larch Mountain Lookout N

881 | Olympia National Forest - | x

882 |_____do. e , . X - -

883 | Trail, NDreg. ____ 42 45 123 45 - 10:46

884 lackson\lll(- Oro;., A 42 12 123 09 10:25

885 | Sunow Camp Lookout, Oreg 42 20 124 10 X (

886 | Ship Mountain Lookout. Calif. - 40 41 123 46 X |

887 | Mary’s Peak Lookout, Oreg . 44 30 123 23 | «x

888 | I3ell Mountain Lookout, Oreg 45 00 123 30 X

889 | Granite Mountain Lookout, Wash | N

890 Ileppner, Oreg - __ 45 06 119 28 10:54 Single blast.

891 | Pomeroy, Wash_ 46 120 117 33 X |-

892 | Fairview Lookout, Calif 40 30| 122 40 : 10:13 Prolonged rumble.

803 | Cinnaimnon Butte, Oreg. _ . I . X N _

894 | Baker, Oreg.. - 44 53 117 20 X

895 | Lane, Oreg.___ - i X

806 | Dubois, Idaho __. 44 14 112 09 9:35

897 do- ... 4 10 112 13 S 9:34 4 or 5 rolling sounds.

898 | West Yellowstone, Mont . . 44 39 111 06 ____ 9:38:47 | By o]eletromagnctlc bharo-
| graph.
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B—H. E. IGLOO TEST NO. 2—18 OCTOBER 1945

1. General

After Pest 1, two carth barieaded, open storage
sites (revetments) as shown in figures 6 and 7
were constructed.  One of these revetnients was
located 185" cast of Tgloo C and the other 1857
west of Tgloo C. The mmntol loaded hombs stored
in Tgloo B daring Test 1 were removed therefrom
and stored in equal Guantities (125,000 net pounds
of explosives each) in Revetments 1 and 2. The
Navy depth charges loaded with Torpex, which
were stored in Igleo D during Test 1, were removed
nnd restored in lgloo B. The doors ol Igloo C
were repaired and a sand bag barricade was con-
strueted i Igloo € to prevent the doors from hit-
ting the piles of ammunition stored therein, if
they should bhe again blown off in subsequent
explosions.  This latter preeantion was takeu to
climinate the possibility ol the contents of lgloo
! being detonated by doors blown with foree into
or ngainst the piles of depth charges. A tempo-
rary timber and carth door barricade of the Navy
type was constrireted in front of Igloo B.

2. Purpose

a. To determine if the mass detonation of
125,000 pounds of high explosives stored in an
arth barricaded open storage site (Revetment 1)
will propagate to a Navy Tgloo C, located 185
feet to the side of the site or to another earth

barricaded open storage site (Revetment 2) located
185 feet favther heyond the igloo.

b. To determine the severity of the damage done
to the target igloos, the open storage site, and
their contents,

¢. To record duta pertnining to air blast pres-
sitres, seismic action, crater size, and  ground
movement.

3. Test layout

This test involved the explosion of 125,000
50/50 Amatol in bombs in Revetment 1 25, target
units Army Igloo B, Navy Igloos C and D, and
Revetment 2, tocated as shown in figures 63 and
64.  This layont provided a test of the safety of
the emergeney revetment storage anthorvized by
the ANESD n 1945,

4. Revetment and igloo contents

a. Revetrents 1 oand 2 were each loaded with
two hundred and eight 1100-pound and nine 600-
pound hombs, explosive charge 50/50 Amatol,
for a total of 125,000 pounds of high explosives.
These bombs were stored as shown in figures 65a,
65h, and 65¢.

b. Teloos B aud C were cach loaded with five
hundred and forty-one 630-ponnd Aireraft Depth
Bombs, Nark 49, explosive charge 462 pounds of
Torpex, for a total of 230,000 pounds of high

Ficene 64,

Revetment 1, Igloo C, and (right) door barricade at Igloo B, prior to Test 2.



Fiaure 65a. Revetment storage diagram, Test 2.

Fieure 68b. Revotment storage, Test 2.

Sy

g

Ficure 65c. Revetment storage, Test 2.

These bomnbs were stored as shown
Igloo D was not loaded.

explosives.
in figure 16.

5. Priming

Approximately one-half of the bombs in stacks
2 and 4 of Revetment 1 were primed by packing
knotted primacord surrounded by Composition
C-2 into the nose cavity of each bomb as in Test 1.
A single primacord lead passed down the side of
Stack 2 connecting all primed bombs in that
stack and tlns lead joined a similar lead from
Stack 4 at the rear of the revetment. Three

54

Engineer Special eleetric blastiug caps were con-
nected to the two leads and the caps were cou-
nected to tlie firing eircuit in parallel.

6. Description of test and summary of results

a. General.—Revetinent 1 was exploded at
1440 MWT on 18 October 1945. The explosion of
the 125,000 pouuds of Amatol in Revetment 1
produced much ore visible flame than the igloo
explosions and the dense black smoke eloud rose
in a mushroom shape with a hoiling crest of smoke
and red flmne above a column of smoke (see fig.
66). There was no propugation of the explosion
of Revetment 1 to target Igloos C, B, and D and
Revetment 2, all of which suffered little or no
damage.

b. Motion picture record.—Motion pictures were
obtained which show the explosion of 125,000
pounds of Amatol in Revetment 1 at normal
film speed.

c. Air blast pressures.—Air blast pressures were
measured by north and west meter lines of paper

F1Gure 66.

Explosion, revetment 1.
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Fraure 67, Blast meter layout.

blast meters, as shown in figure 67. The pressures
recorded ure shown in table X1.

d. Crater data.—The explosion of the contents
of Revetment 1 produced a erater 82 feet long,
79 feet wide, with an apparent depth of 7.7 feet
and an actual depth of 10 feet., Figure 68 shows
contours and profiles of the apparent crater along
its longitudinal and transverse axes.

e. Ground movement.—Horizontal and vertical
displacement readings were taken to the rear and
front but not to the sides of the revetment (fig.
69).

1. Eflect of blast on target igloos and revetments.

(1) lgloo C received minor damage as a result
of the explosion. The doors were blown off,
striking the sand-bag barricade inside the door
and then falling outside the magazine (see fig. 70),
but the contents of the igloo were undisturbed.
lgloos B, D, and Revetment 2 were undamaged.

(2) Stratn measurements (Ref. 4) were taken
by the Burcau of Reclamation, Department of the
Interior.  Three meters were placed on Igloo C
approximately on the transverse center line on the
outside of the shell with their axes parallel to the
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Pressitrerange lnp. s, | {
Distance from slde or front | =z
of Rev. No. L Infeetoac i iine | West tine
| Wil front) | (off side)

Remarks

247 12. 6 | Blown over,
273 - 12. 6 Do.
302 7. 7| Do,
330. e 12. 6 Do.
367 dont: Do.
400 7.7 Do.
435 5 8 Do.
457 - . a8 . Dol
473 - 5. 8 . Do,
476 - - 7.7 Do,
507 ... I 5. 8 - Do.
516 a5 8 Do.
533 R 3. 6 - Do.
560 _ 3.6 Do.
568 5. 8 Do,
598 . 3.6 Do.
605 5. 8 Do.
631 - 3.6 Do.
653 3. 8 Do,
671 3.6 . Do,
700 3.6 Do.
710 oo 3.6 Do.
751. ; 3.6 bo.
760 3.6 Do.
795 2.7

815 ... A8 Do.
842 3.6 Do.
885 2.7

894 - 2047

945 - - 207 Do.
946 - 2.7

1,000 - 2.7 R

1.015 - 2.7

1,070 2.7

1.085 - 2.7

1,130 1.8

1,155 2.7

1,190 1.8

1.245 1.8

1,260 1. 8

transverse center line (fig. 71).  The stresses
which developed at the three loeations are shown
on the vertieal seale, fignee 72a, with the thme
after detonation shown on the horizontal scale,
The time is considered to be acenrate to 0.01
sccond, bt some inaeenraey may be present in
the stress scule beeause the exact modulas of
elasticity of the concrete is not known., The
strain was converted into stress by using an as-
sitmed vahie for the modnlis of clasticity ol 4,000,-
000 p. s, 0.

Interpretation of the stress-time diagram
termes of the stimetural behavior of the igloo musi
be highly speenlative beeause of the imited mnn-
Ler of measurements and hecause supplemental
data which woulkd Le helpful in the mterpretation
are not avatlublé,  Nevertheless, it seems worth
while to disenss some of the results obtained.
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TasLe XL—Test No. 2—18 Oclober 1945—air blast pressuies paper melers

Pressure range in p. s, 1,

Distanee from slde or front =
of Rev. No. 1, In feet North lIne

ofl frour)

Remarks
West line
(o1f side)

1,330 1.8
1,335
1,420.
1,425
1,500
1,525

_..__._.
DT
PO ELE
ELELENE
]
. . —- e = =
T NS R CRE CRRP R T
e
> » ®

® Wi w

x

[ 3]

oo
AT
v

L

Blown over

It is probable that the very small mitial nimps
at 0.08 sccond after the detonation represent
deformation of the shell dne to the mital ground
wave.  The distunee ivolved is too sinall for an
aceirate determination of velocity, it taking the
distance as 197 feet and the time as 0.078 second,
the indicated veloeity is 2,520 feet per second,
The stresses produceed by this initial ground wave
were siall, of the order of 50 p. s. 1. It will he
noted that Meter 1 shows slight tension and
Meter 3 shows slight compression, corresponding
o the raking which woild be produced by an
acceleration direeted away from the blast.  TFol-
lowing these initial distortions, further effeets of
around movement are obsewred by the much
greater efleets of varintions in air pressure,

The time of advent of the positive or compres-
stonal air wave is about 0.09 sccond, which
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I'itavre 68.  Crater plan and profiles, Revetinent 1, Test 2

indicates g veloeity of about 2,200 feet per second.
This wave produced an added external load which
put the entive structive into compression for
aboirt 0.03 second, the magnitnde of the com-
pression being 900 p. s, i, at Meter 1 (nearvest the
blast), 700 p. s. i, at Meter 2, and 350 v. s, 1. at
Meter 3.

The compression wave was followed immediately
by a period of reduced pressure, constituting in
effeet an added internal load sufficient to put the
entire shell into tension and to canse local faihires
of the conerete.  Meter 2, located over the thin
top scetion of the shell, indicates that the con-
crete failed in tension when the stress reached
800 p. s. i, Examination of the igloo prior to
the Dblast had shown the presence of a minor
longitudinal cvown erack on the inside surface
only.  The ontside surface had been examined
carefully at the loeation of Meter 2 and this loca-
tion was then free from eracks.  Examination of
the outside surface after the blast disclosed a
crack  0.04 el wide between  the
brackets of the strain meter (fig. 72b). The
limiting range of these meters is 0.01 inch, so

passing

the large erack explains the meter fatlure. Con-
crete at Meter T reached a maximum tension of
900 p. s. & and then came down to a somewhat
lower level, while the peak tension reached at
Meter 3 was 600 p. s. i

There seeius to be two possible explanations for
the cyclie irregularities shown by Meters 1 and 3
during the tension phase.  The first is that some
observers have reported experimental evidence
showing that the suction wave which follows an
explosion s made up of a succession of shock
phases; the other is that as the suction wave
builds np, the tension in the concrete is periodi-
cally velieved -by the formation of eracks. It is of
interest to note that the rapid rate at which ten-
sion was developing at Meter 3 veduced abruptly
as soon as the ocemvence of the erack at Meter 2
afforded relief of the tension.  This civenmstance
favors the sccond explanation.  On the other
hand, the pronounced similarity of the variations
shown by Meter 1 and 3 singgests that the air
pressmre varied periodieally, It may be then
that both causes of these variations were operative,

1t is Likely that a pressure differential between
the inside and outside sufficient to produce the
measured tension would also be suffieient to hift
the entire arch off its foundation.

Some (uestion has been raised as to whether
the residnal tensions shown at the end of the
record actially exist or if they might be dne to a
zero diift in the recording instrinnent.  Althongh
the question cannot be answered positively, no
reason has been fonnd to question the acenraey of
the record, so it is presumed that the final tensions
are the result of permanent deformation of the
structure,

q. Damage to barracks,—Not recorded,

b, Missile data.—Not recorded.

. Seismological data (Pef. 7).—The seismologi-

ceal data obtained during tlhis test are given in

table X 1.

Tanne X111

Aeeclerations and displacements

Distanee o - - Mavi-
o [V Gaplosives | Wave  Mavimin muam
velment weight periort  displace-  aceeler- Remarks
VRIS et In 1hs. sees. | ment, em,  ation,
e cny/sec.?
2 840 125,000 0.19 0.0033 4.0 Rock,
2,810 125, 000 16 L008 12,5 Overburden,
0,600 125, 000 27 L0045 2.4 Do.
9,200 125, 000 .37 L0015 .42 Do.

7. Mecteoralogical duta.—Not reeorded.
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Ficure 69. Permanent hovizontal and vertical earth displacement, Test 2.
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Freure 70.
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Target Igloo C after explosion of Test 2,
showing doors blown off.

$10€_€LEV.

No. 1—6'7"" (horizontal distance) west of longitudinal
center line (on side toward blast),

No. 2-—longitudinal ecenter line,

No. 3—6’7"” (horizontal distance) cast of longitudinal
center line (on side away from blast).,

Frcure 71, Installation of Carlson Meters on Igloo C,
Test 2,

/__—/"

Meter No.3
LJ

MeterNo.2

\‘.

AR
I Meter No.|
|
|
02 R Q7 0.8 Q9 10 1.1 1.2 1.3

TIME AFTER BLAST-SECONDS

Ficure 72a. Target igloo strain curves, Test 2.
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Ficure 72b.

Carlson Strain Meter No. 2 installed show-

ing erack.

C—H. E. IGLOO TEST NO. 3—19 OCTOBER 1945

1. Purpose

a. To determine if the mass detonation of
250,000 net pounds of high explosives stored in a
Navy test Igloo C will propagate to an earth barri-
caded open storage site (Revetment 2), loaded
with 125,000 net pounds of high explosives, loeated
parallel to aud 185 feet from Igloo C, or to an
Army Igloo B located dingonally to the rear and
right of Igloo C at a distance of 280 feet.

b. To determine the severity of the damage
doue to the target igloos, revetments und their
contents, to a Navy Igloo D with door barricade
located diagonally in the rear and left of Test
Igloo C at a distance of 732 feet, and to a wooden
barracks building I8 located diagonally to the rear
and right of Igloo C at a distance of 2,400 feet.

¢. To record data pertaining to air blast pres-
sures, seismice action, and crater size.

2. Test layouts

This test involved the explosion of 250,000
pounds of Torpex in Navy-type Test Igloo C rs.

60

Revetment 2, Igloos B and D, and Navy-type
Barracks, located as shown in figure 73. The
doors of Igloo C were braced in place for this test.,

3. Igloo and revetment contents

a. Igloos C and B were cach loaded with five
hundred and forty-one 650-pound Aireraft Depth
Bombs, Mark 49, explosive charge 462 pounds of
Torpex, for a total of 250,000 pounds of high ex-
plosives.  These bombs were stored as shown in
figure 16.

b. Revetment 2 was loaded with two hundred
and eight 1,100-pound and nine 600-pound bombs
containing 125,000 net pounds of 50/50 Amatol,
These bombs were stored on wooden dunnage as
shown in figures 65a, 65h, and G65e.

¢. lgloo D was not loaded.

4, Priming

The depth bombs in each quarter of the maga-
zine were primed in the following manner: Compo-
sition C-2 and primacord were placed in either the
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FIGURE 74a.

Explosion of Igloo C, Test 3, 1st stage

nose or tail fuze cavity of fourteen bombs in the
stack and counected to a single primacord lead
that passed to tlie center of the magazine where it
joined the leads from the stacks in the other three
quarters of the igloo which were similarty primed.
A single primacord lead was taken from this
junction and passed out the door of the igloo.
Three Engineer Special electrie blasting caps were
connected to this tead and the caps were connected
to the firing circuit in parallel.

5. Description of test and summary of results

a. General—lgloo C was exploded at 1,215
MWT on 19 October 1945,  The explosion of the
250,000 pounds of Torpex in Igloo C produced an
initial red flash and then streamers of smoke that
shot out and up at angles above 30° from the
horizontal, forming a bush-like eloud that finally
developed into a billowing black mass of smoke
and dust as in Test 1 (figs. 74a and 74b).  There
was no propagation of tlie explosion from lIgloo C
to the target units, but Igloo B and Revetment 2
were damaged.  Igloo D was undamaged. The
barracks building was more severely damaged
than during the previous tests (Nos. 1 and 2).

b. Motion picture record.—Motion pictures were
obtained which show the explosion of the 250,000
pounds of Torpex in Igloo C at norinal film speed.
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F1oure 74b, Explosion of Igloo G, Test 3, 2d stage.

c. Air blast pressures.—Air blast pressures were
recorded only with paper blast meters, which were
located as shown in figure 75. The pressures re-
corded are shown in table XIII,

d. Crater data.—The explosion of the contents
of Igloo C produced an oval crater 156 feet tong by
128 feet wide with an apparent depth of 17.8 feet
(sce figs. 76a and 76b). Apparent crater profiles
along the longitidinal and transverse axes of the
igloo and contours are shown in figure 77. The
crater was considerably deeper than the crater
from the explosion in Test 1,

e. Ground movement—No measurentents  of
ground movement were made.

f. Effect of blast on target igloos and revetment.

(1) Igloo B at 260 feet, diagonally to the rear of
Igloo C, developed three horizontal eracks in the
front wall on cither side of the door. Two diago-
nal eracks also appeared in the front wall near the
point at which the arch joins the front wal. The
cracks started at about ground tevel at the extreme
ends of the arch and extended convergently up-
ward, roughly foHowing the curvature of the arelr.
A few timbers were blown {rom the carth door
barricade and the carth fill shumped slightly (sce
fig. 78). legloo D was undamaged.

(2) Revetment 2, figure 79, was damaged by
the explosion. The wall of the revetment closest
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Remarks,

North tine

Blown over
do_
do__
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do
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do
do
do
do
do
do
_do
do

West line

Blown over.,
Do.
Do.
Do.
Do.
Do,
Do.
Do.
Do,
Do.
Do.
Do.
Do,
Do.
Do.
Do,
Do.
Do.
Do.

Blown over.

*This dlstance, for the West line, was measured from the corner formed

by the front amd west slde of Igloo €, and for the North line from the center

of the door of lgioo C (see fig, 75).

to Igloo C slumped and was partly blown nway.
Some of the hombs in the revetment were shuken
from their dunnage and dunnage was thrown short
distanees.  None of the hombs were damaged.

d. Damage to barracks.

(1) The barracks had not been repaired follow-
ing Tests 1 and 2, but a comparison of the photo-
graphs of the damage done to the barracks after
Test 1 (figs. 29 to 53) with photographs of the
damage done to the barracks after this explosion
(figs. 80, 81, 82, 83, and 84) shows that it suflered
very severe struetural dannige during this test.

(2) On the end nearest the explosions (figs. 30
and 80) studding was broken and torn loose from
the top plate, the top plate was torn and broken
loose in two plaees, sheathing was torn ofl, one
rafter was broken, and the stairway was broken
loose from the bnilding.

(3) On the end away from the explosion (figs.
31, 44, 81, 82, and 83) the top plate was torn loose
at the east corner, the second floor plate was torn
loose, sagged, and moved outward, the second
floor wull was left hanging on the rafters and
several rafters were eracked.

(4) A eomparison of figures 29, 32, 81, and 83
will show that muny additional window frames
were blown out on the east and west sides.

h. Missile data—Not recorded.

1. Seismological data.—Seismological data for
this test are given in table X1V, :
TanLe XIV.—Test No. 3—19 Oclober 1945—seismological

data (Ref. 7)

. Maxi-
I)l[;g:::('c Eaplosives | Wave  Maximum Hl‘l‘l:lll |
Igloo C weight In period,  displace- accels | Remarks
it ponnds secs. ment, em, | cration,

em/see.? |
2,840__| 250,000 | 0.17 0.016 20 Roek,
2,810 250, 000 17 . 015 20 Overburden,
H,600__| 250, 000 .22 . 0067 2. Do.
5.600__ 250, 000 .37 . 015 4.5 Do.
9,200 250, 000 .22 003 2.5 Do.
9,200 250, 000 48 . 008 Do.
11,850_ 250, 000 .43 005 1 Do.
22,000_ 250, 000 .65 0028 .27 Do.

J. Meteorological data.—Not recorded.
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Fiaure 76a.  Crater, Igloo C, Test 3—longshot.

Fioure 76b.  Crater, Igloo C, Test 3 -closeup.
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Ficure 78. Damage to carth fill, Target Igloo B3, Test 3. Fravre 79, Damage to revetment 2 and displacement of
bombs, Test 3.

Frovre 80, Barracks damage, Test 3. Fravre 81.  Barracks damage, Test 3.
T T R

Fiaure 82. Barracks damage, Test 3. Ficure 83. Barracks damage, Test 3.
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Frevre 84,

Barracks damage, Test 3.

D—H. E. IGLOO TEST NO. 4—30 OCTOBER 1945

1. General

After Test No. 3, an carth barricaded open
storage site (revetment) was constructed on the
site of Igloo A which was destroyved in Test No. 1.
The crater made by the explosion of lgloo A was
filed in, and the fill was compacted and levelled to
form as firm a foundation for the revetment as
possible. It was, however, not eqnal to the virgin
ground on which lgloo A was built.  Revetment
No. 2 was repaired and the bombs it contained
were restored.

2. Purpose

a. To determine if the mass detonation of 250,-
000 net pounds of high explosives stored in an
carth barricaded open storage site, Revetent 3,
will propagate to an Army Igloo B loaded with
250,000 net pounds of high explosives and located
parallel to and 185 feet from Revetment 3; or to
another carth barricaded open storage site, Revet-
ment 2, loaded with 125,000 net pounds of high
explosives and located diagonally to the right and
front of test Revetment 3 at a distance of 293 feet.

b. To determine the severity of the damage done
to the above target igloos, revetments, and their
contents, to a Navy lgloo I with door barricade
located diagonally to the rear and left of test

68

Revetment 3 at a distance of 510 feet, and to a
wooden barracks building E located diagonally to
the rear and right of test Revetment 3 at a dis-
tance of 2,165 feet.,

¢. To record data pertaining to air blast pres-
sures, seismic action, and ground movement.

3. Test layout

This test involved the explosion of 250,000
pounds of 50/50 Anmatol in Revetment 3 es. target
units Igloos B and D and Revetment 2, located as
shown in figures 85 and 86, The Bureau of Recla-
mation placed strain gages in and on Igloo B to
measmre the deformation of that igloo as a result
of the explosion of Revetment 3. The U, S,
Coast and Geodetie Survey placed one  seismie
instrnment in the instrument shelter (fig. 2).

4. Reveiment and igloo centents

a. Revetment 3 was loaded with gseven hundred
and  cghty-three  600-pound  bombs, explosive
charge 320 pounds of 50/50 Amatol, for a total of
250,000 poumds of high explosives stacked as shown
in figure 87.

b. Igloo B was loaded with five hundred and
forty-one  640-pound  Aireraft  Depth Bombs,
Mark 49, explosive charge 462 pounds of Torpex,
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Revetment 3 and Igloo B, Text 4.

Ficure 86.

for a total of 250,000 pounds of high explosives.
These bombs were stored as shown i figure 16,
Igloo D was not loaded,

¢. Revetment 2 was loaded with two hundred
and cight 1100-pound and nine 600-pound bombs,
explosive charge 50/50 Amatol, for a total of
125,000 pounds of high explosives. These bombs
were stored as shown in figures 65a, 65b, and 65¢,

5. Priming

Approximately half the bombs in Stacks 1 and
5 of Revetment 3 were primed by packing knotted
primacord surrounded by Composition C-2 mito
the nose fuze cavity of cach bomb in the sanme
manner as in Test 2. All primed bombs in cach
stack were connected to a single primacord lead
which passed down the side of the stack, and the
two primacord leads joined at the rear of the re-
vetment,  Three Engineer Special eleetrie blasting
caps were connected to the leads at this junction
and the caps were connected to the firing cireuit
in parallel.

6. Description of test and summary of results

a. General.-- Revetment 3 was exploded at 0920
on 30 October 1915, The explosion of the
250,000 pounds of Amatol in Revetment 3 pro-
duced more flame than the igloo explosions and the
dense black smoke cloud rose in & nushroom shape
with a boiling crest of smoke and flante above a
column of smoke (fig. 88). There was no prop-
agation of the explosion of Revetment 3 to the
target units, but Igloo B and the barracks were
damaged further,

b. Motion picture record —Nlotion pictures were
obtained which show the explosion of the 250,000
pounds of Amatol in Revetment 3 at normal film
speed.
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Revetment storage diagram, Test 4.

c. Air blast pressures.—Air blast pressures were
measured by a north and west meter line of paper
blast meters, loeated as shown in figure 89. The
pressures recorded are shown in table XV,

d. Crater data.—No erater measurements were
made because the revetment had been placed on
back-filled ground.

e. Ground movement.—Ground movements were
recorded to the front, rear, and west side in this
test (fig. 90).

1. Effect of blast on target igloos and reretment.

(1) lgloo B received additional damage from
the explosion of Revetment 3 but its eontents were
undisturbed. The door jammed and conerete
spalled off the top of the arch where it joined the
front wall exposing reinforeing rod for a distance
of about 4 inches longitudinally and for a length
of about 6 feet transversely. Conerete also
spalled off the inside of the door frame uneovering
some reinforeing vod. A few timbers were dis-
placed in the door barrieade and some of the
carth was blown away. A fine crack appeared on
the arch of lgloo D following the explosion. The
crack was about half way back from the door of
the magazine, It passed completely across the
arch, Revetnient 2 was undamaged.

(2) The Bureau of Reclamation installed Carl-
son gages (Ref. 4) on lgloo B as shown in figure 91.
The records of these gages are shown in figure 92,
No stress scale is shown for Meter 2 because the
meters were ealibrated after the blast and Meter
2 failed in tension during the test. The first earth
shoek appeared at about 0.075 seeond, mdicating
a veloeity of about 2,600 feet per second (using
197 feet as the distance of travel). Speed of
travel of the air wave was apparently only slightly
less than that of the ground wave. Mleter 1
shows that the longitudinal compression in the



TasrLe XV.—Test No. 4—30 October 1945 —air blast pres-
sures, paper meters
Pressure range

Distance from Inpos. i
side or front of =

Revi No.3,in | o, West

Remarks

feet [ine (oIY | line (o7 North tine West line
front) side)
|

462__ | & 7 7.7 | Blown apart_| Blown over.
488 | 8.8 7.7 | Blownower.. Do,
ST 58 7.7 o Do,
HEL N 5 8 F do Da,
582__ 7.7 7.7 i Do,
615_ _ (oA 7.7 G T Do,
650 _ _ | S8 rY do. Do,
691_ _ | 36| 58| do Do,
731 2.7 3.6 ! do [,
5. 3.6 3.6 ,' do Do,
820___ . 3.6 3.6 do Do,
868_. ] 36| 36| ___.do Do,
921___ 3.6 2.7 do Do,
975_ pe. 7 3.6 do__ Do,
Lo30___ .| 18| 2.7 ; |
1100.______ | 2.7 2.7 | oo |
L1eo.____ | 1.8| 27| '
1230 .| 1.8 36|
1,300________ L2l 18 ,'
1370 | 1.2 3.6 |
1,460____ 1.2 ) 0 I R - S Do,
1,550. .8 1.8 i .
1,640 __ 12| 18] .
1,740 8| L2
L0, ___ .8 .8
190 .| 6 12
2060 .6 1.8
2,180 .8 12
2,310 __ .6 .8 |
2,450 _ _ .6 .8
2,600___. .6 .8
210 . . 4 .8
2,900____ 60 L4
3.080__ 4 .6
3,270__ _ 0 6.
3,460 0 .6
3660 o | g '
380 ... ¢ 0
11200 0 o4
4350______ | ¢ 4

dome reached 800 p. s. i during the positive
pressure phase, and that some compression was
maintained for about 0.10 secon, Evidently the
positive phase of the pressure wave placed a com-
pressive load on the ends of the igloo, but some-
what surprisingly, the longitudinal stress then
returned to zero without passing into tension,
Meter 2, located on the side of the igloo away
from the blast, showed transverse compression of

TTO771—48—— ¢
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Irivee 88, Explosion of revetment 3, Test 4,
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Freure 8Y.

about 0.02 second duration followed by rapid
development of tension until failure occurred.
Time was not available between this test and the
Inter destruction of the igloo on the same day to
permit an inspection of the arca for cracking.
The single measurement made on the floor

(Meter 3) does not provide suflicient information
for an accurate interpretation.
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During the posi-

Location of paper blast meters, Test .

tive wave phase the floor showed about 125 p. s, i
transverse tension followed later by about 175
p. s. i. compression and finally a residual tension
of about 300 p. s. i. It scems probable that the
floor stresses are influenced more by ground move-
nient than by air waves, and that the residual

tension is a result of inequal settlement following
the ground disturbance eaused by the blast.
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Frarre 91,

g. Damage to barracks (barracks preciously dam-
aged by Tests 1, 2 and 3 and not repaired).—The
barracks building suffered still further damage as
a result of this test. The fist floor south wall

(nway from explosion), which had broken loose
at the east corner in Test 3, collapsed outwnrd.
The second floor sonth wall was left hanging on
the rafters, approximately 10 of which were broken
on cither side of the peak at that end.  The north
end (end toward explosion) was further damaged
with additional sheathing tor loose and studding
broken.  The west wall was pulled out and the
railing on the front steps (west side) was broken
loose.

h. Missile data.—Not recovded,

. Seismological data  (RRef. 7).—Scismological
data recorded ave given in table XV

Tasre XVI.—Test No. 4—30 October 1945-—seismological
data
Maximum | Maximum

Explosives Wave

Distance from Re- Coiehl i i displace- weelera-
velment 3 in feel “l()(;’ﬁ'l‘ll«l.ls'“ 'l:'l ';l‘(:l ment in tion, :
cm. cm/sec.
e — |—
650_ 300, 000 0. 15 0. 29 510

J. Meteorological data.—Not recovded.
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E—H. E. IGLOO TEST 5—30 OCTOBER 1945

1. Purpose

a. To determine if the mass detonation of 250,-
000 net pounds of high explosives stored in an
Army test lgloo B will propagate to au carth bar-
ricaded open storage site, Revetment 2, located in
line with the test igloo and 230 feet in front of it.

b. To determine the severity of the damage done
to target Revetment 2 and a Navy Igloo D,
located diagonally to the vear and left of Igloo B
at a distance of 620 feet, and to a wooden barracks
bnilding E located diagonally to the rear and right
of the test Igloo B at a distauce of 2,050 feet.

¢. To obtamm additional information on crater
size,

2. Test layout

This test mvolved the explosion of 250,000
pomds of Torpex m Army lgloo B es, target units,
Revetment 2, Igloo D, and the Navy Bamacks,
located as shown in figure 93.

3. Igloo and revetment contents

a. Igloo B was loaded with five hundred and
forty-one  650-pound  Aiveraft Deptlh Bombs,
Muark 49, explosive charge 462 pounds of Torpex,
for a total of 250,000 pounds of high explosives.
These bombs were stored as shown i figure 16.
Teloo D was not loaded.

b. Revetment 2 was londed with two himdred
and eight 1100-pountd and uine 600-pound hombs,
explosive charge 50/50 Amatol, for a total of
125,000 pounds of high explosives.  These bombs
were stored on wooden dunnage as shown in figures
GHa, 65b, and 6i¢.

4. Priming

Igloo B was primed in o manner similar to that
msed i Igloo C, Test 3. Each gnarter of the
magazine was primed.  Composition C-2 and
primacord were placed in either the nose or tail
fuze cavity of 14 bombs in the stack and con-
nected to a single primacord lead that passed to
the center of the magazine where 1t joined the
leads from the stacks in the othier three ¢uarters

of the igloo which were similarly primed. A single
primacord lead was taken from this junction and
passed ont the door of the igloo. Three Engincer
Special eleetrie blasting caps were connected to
this lead and the caps were connected to the firing
cirenit in parallel,

5. Description of test and summary of results

a. General —lIgloo B was exploded at 1250
MWT on 30 October 1945,  The explosion of the
250,000 pounds of Torpex in Igloo B produced an
innitial ved flash and then streams of smoke that
shiot ot and up at angles above 30° from the
horizontal, forming a bush-like cloud that de-
veloped mto a billowing black mass of sinoke and
dust as in Tests 1 and 3 (figs. 94a and 94D).
There was no propagation of the explosion from
Igloo B to the target units and Igloo D and Revet-
ment 2 were undamaged by the explosion.  The
barracks building was further damaged.

b. Motion picture record.—Motion pictures were
obtained whicl show the explosion of the 250,000
pounds of Torpex in Igloo B at normal film speed.

e. Air blast pressures.—Not recorded.

d. Crater data.—The explosion of the contents
of lgloo B produced aun oval crater 158 feet long
and 134 feet wide with an apparent depth of 10.7
feet.  Profiles and contonrs of the crater from the
explosion of lgloo B are shown it figure 95.  This
crater is approximately the same size but con-
sidevably shallower than the crater from Test 3.

e. Ground movement.—Not recorded.

1. Effect of blast on target igloos and revetment.—
Igloo D was undamaged by the explosion.  Sev-
eral 600-pound bombs at the rear of Revetment 2
were shaken from their dumiage bnt the revetment
was otherwise undamaged.

g. Damage to barracks.—The barracks was still
standing after this test but had been so badly
damaged by previons tests that no assessment of
increased damage could be niade.

h. Missile data.—Not recorded.

i. Seismological data.-—XNot recorded.

4. Meteorological data.—Not recorded.
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Ficure 94a.  Explosion of Igloo B, Test 5, 1st Stage.

Ficure 94b.  Explosion of Igloo B, Test 3, 2d Stage.
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F.—H. E. IGLOO TEST 6—30 OCTOBER 1945

1. Purpose

To obtain additional erater information.

2. Test layout

This test involved the explosion of 125,000
pounds of 50/50 Amatol in an earth barricaded
open storage site, Revetment 2, alone. (Igloo D
was out of range of the effect of the blast)

3. Revetment contents

Revetment 2 was loaded with two hundred and
cight 1,100-pound and nine 600-pound bombs,
explosive charge 50/50 Amatol, for a total of
125,000 pounds of high explosives. These bombs
were stored as shown iu fignres 65a, 65b, and 65c,

4. Priming

Approximately one-half of the bombs in Stacks
2 and 4 of Revetnient 2 were primed by packing
knotted primacord surrounded by Composition
(-2 into the nose cavity of each bomb as in Test 2.
A single primuacord lead passed down the side of
Stack 2 eonnecting all primed bombs in that stuck

Fioure 96.

Explosion of revetment 2, Test 6.

.

and joined a similar lead from Stack 4 at the rear
of the revetment.  Three Engineer Special electrie
blasting caps were connected to the two leads and
the caps were conneeted to the firing eireuit in
parallel,
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Fraure 97.  Crater plan and profiles, revetment 2,

Test 6.

5. Description of test and summary of results

a. General—Revetment 2 was exploded at
approximately 1500 on 30 Oectober 1945. The
explosion of the 125,000 pounds of Amatol in
Revetment 2 provided an initial flash and eon-
siderable flame followed by a dense black smoke
cloud that rose in a mushroom shape with a boiling
crest of sioke and flame above a columu of sinoke
(fig. 96). )

b. Motion picture record . —XNlotion pictures were
obtained which show the eaplosion of the 125,000
pounds of Amatol in Revetment 2 at normal film
speed.

¢. Air blast pressures.—Not recorded,

d. Crater data.—The explosion of the contents
of Revetment 2 produced a erater 89 feet long and
87 feet wide with an apparent depth of 10.9 feet.
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Contours nnd profile of the crater along the longi-
tudinal and transverse axes of the revetment are
shown in figure 97,

e. Ground movement.—N ot recorded.

f. Effect of blust on targets.- Not recorded,

g. Damage to barracks and glass breakage.—
Not recorded,

h. Missiles and fragmentation.—Not recorded,

1. Seismological data.—N ot recorded,

J. Meteorolvgical data.—Not recorded.

G.—H. E. IGLOO TEST 7—31 OCTOBER 1945

1. Purpose

To determine if the mass detonation of 250,000
net pounds of high explosives stored in an un-
barricaded stack will propagate to another un-
barricaded stack containing 250,000 net pounds of
high explosives located parallel to and 800 feet
from the test stack.

9. Test layout

This test involved the explosion of 250,000
pounds of explosives as listed below in an un-
barricaded open storage stack.  Two stacks of
ammunition approximately 30 x 70 x 4'% feet
were placed on level ground 800 feet apart (fig. 98).

3. Stack contents

a. Stack 1, the primary stack, contained 600-
pound bombs, MK 9 depth charges, scrap TNT,
Tetryl boosters, and bangalore toepedoes with
a total weight of high explosives of 250,000
pounds. The 600-pound bombs were stacied three
high in a holow square and the other ammnmition
was piled inside.

6. Stack 2 was composed entirely of M1-Al
antitank mines without boxes.  The mines were
stacked 40 wide, 105 long, and 10 high, cach
mine resting on its base, with a total weight of
high explosives of 250,000 pounds.

4, Priming

Stack 1 was primed using Composition C-2 and
primacord in a manner similar to that nused in all
previous tests.  Approximately 10 pereent of the
600-pound bombs were primed in the nose fuze
cavity and in addition a portion of the serap TNT
and other ammunition was primed. All the primed
hombs, ete., were conneeted to a single primacord
lead that passed completely around the stack
and joined back onto itself.  Three Engincer
Special electrie blasting caps were connected to
the primacord at this junction and the eaps were
connected to the firing eircuit in parallel.
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5. Description of test and summary of results

a. General—Stack 1 was exploded at 1240 on
31 October 1945. The explosion of the 250,000
pounds of high explosives in Stack 1 produced an
initial flash and considerable flame and then the
mshroom-shaped cloud with a boiling crest of
smoke and flame above a column of smoke.  There
was no propagation of the explosion of Stack 1 to
Stack 2. A high humidity at the time of the test
made it possible to observe the movement of a
rarefaction wave through the air. This wave
apparently moved just ahead of the shock wave
and was caused by the shock wave compressing
the air which then condensed on cooling.

b. Motion picture record.—Not recorded.

c. Air blast pressure.—Not recorded.

d. Crater data.—The explosion of the contents of
Stack 1 produced a crater 134 feet long, 86 feet
wide, and 3.9 feet deep at the lowest point.  Con-
tours and profiles of the crater along the longi-
tudinal and transverse axes of Stack 1 are shown
in figure 99a. The unusual erater shape is prob-
ably due to the fact that the cased charges
(bombs) were on the outside of the stack and
correspond to the deeper parts while the bulk
uncased explosives were in the center of the stack
and correspond to the shallow portion of the
crater,

e. Ground morement.—Not recorded.

. Iffect of blast on target stack 2.— Approxi-
mately 75 mines on the outside of Stack 2 foll over
probably from ground shock, and two mines were
perforated by fragments which did not melt any
of the TNT filler. A few small metal fragments,
sotne of which were warm, were found on the stack
and nunierous other small fragments were found
on the ground near the stack.

¢. Damage to barracks and glass breakage.—Not
recorded,

h. Missiles and fragmentation.—Not recorded.

i. Seismological data.—Not recorded,

7. Meteorological data—Not recorded.



H—H. E. IGLOO TEST 8—3I

1. Purpose

To obtain further erater data as a continuation
of Toest 7.
2. Test layout

In this test M1-A1 antitauk mines, containing
250,000 net pounds of TN'T, in unbarrieaded Stack
2 were exploded alone (fig. 98).

3. Stack contents
Stack 2 was composed entirely of M1-A1 anti-

tank mines without boxes. The mines woere

OCTOBER 1945

AT MINES MISC AMM.-
// )
IOMRS\
8oo’ ——
STACK 2 STACK |

I'recure 98. Field layvout, Tests 7 and 8.

stacked 40 wide, 105 long, and 10 high, ecach mine
resting on its base, with a total weight of high
explosives of 250,000 pounds.
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Crater plan and profiles, Test 7,
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4. Priming

Stack 2 wns primed using Composition C-2 nnd
prinacord in the smne nmnner as i previous
tests.  Approximately 10 pereent of the mines in
tlie top outer row of the stuek were pritued in the
fuze cup with Composition C-2 nnd primacord.
Asingle primnceord lead passed completely around
thie stack conneeting all primed mines and joining
back onto itself. Three Engineer Special electric
hlnsting enps were connected to the primacord nt
this junetion and the caps were conneeted to the
firing eireuit in parallel.

5. Description of test and summary of results

a. General.—Stack 2 was exploded at npproxi-
mautely 1400 on 31 October 1945.  The explosion
of the 250,000 pounds of TNT in Stack 2 produced
n huge ball of bright red {lume which rose in the

typtenl mushroom shape with n boiling erest of
smolée nnd flame above u cohumn of smoke.

h. Motion picture record.—Not recorded,

e. Air blast pressure —Not recorded.

d. Crater data.—'The explosion of the contents of
Stack 2 produteed a erater npproximntely the snime
size but deeper than that from the explosion of
Stack 1 in Test 7. The crater was 130 feet long
nnd 94 feet wide with an apparent depth of 14.9
feet and a tre depth of 18.4 feet.  Contours nnd
profile of the crater along the longitudinal and
transverse axes of Stack 2 are shown in figure 99b.

e. Ground movement.—Not recorded.

f. Iffect of blast on targets.—Not vecorded.

g. Damage to barracks and glass breakage—Not
recorded.

h. Missiles and fragmentation —N ol recorded.

1. Seismological data.—Not vecorded.

J. Meteorological data.—Not recorded.
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Ficure 100a. Typical igloo explosion, 1st stage.

Froure 100b.  Typical igloo explosion, 2d stage.



PART Ill. SUMMARY AND DISCUSSION OF RESULTS
A —APPEARANCE OF EXPLOSIONS

1. Observations and comparisons of the pic-
tures tuken of igloo and open pile explosions show
that there is a marked difference in the appearance
of cach type of explosion,

2. The igloo explosions of Tests 1, 3, and 5
produced an initial flash and then streamers of
smoke that shot ont at angles above 30° from the
horizontal, forming a bush-like clond that en-
gulfed the flames within (figs. 100a and 100Db).
This eloud merged with the dust near the ground
and developed into a billowing black mass of
smoke which rose to a height of 2,380 feet within
2 minutes in Test 1.

3. The open pile explosions of Tests 2, 4, 6, 7,
and 8 produced mueh more flame than the igloo

explosions and the flame was visible in the cloud
which boiled up into a mushroom-shaped crest of
smoke and flame above a column of smoke (figs.
101a and 101b).

4. The flames observed were bright yellow and
red i the explosions involving TNT and Amatol
and a deeper red in the explosions of Torpex.

5. In most of the tests two reports were heard.
The second report was assumed by some observers
to be a reflection from the overhanging clounds.
The same phenomenon, however, oceurred in ex-
plosions on cloudless days, and sinee these double
reports are quite often reported they appear to be
a characteristic of explosions caused by a double
peak which appears in the blast curve.

B.—MOTION PICTURE RECORD

1. Motion pictures were taken of the explosions
of Tests 1 to 6, inchusive, at normal film speed, but
no motion pictures were obtained of Tests 7 and 8.
The most 1ateresting and important pictures, how-
ever, were three high speed motion pictures which
were taken during Test 1. These were:

a. Close-up of the explosion from the right front
of Igloo A (Camera No. 1, fig. 2, 1,000 frames per
second).

b. Close-up from the side of Igloo C (Cumera
No. 2, fig. 2, 1,430 frames per second).

¢. Close-up from the side of Igloo B (Camera
No. 3, fig. 2, 1,430 frames per sccond).

2. Sclected frames from the pictures obtaimed
with Camera No. 1, fignres 102a to 102n, inchusive,
show the following sequence of events:

a. Flames appear at the front of igloo and
apparently the froat has been blown ont.

b. Flames appear at the rear of the igloo and
apparently the rear has blown out.

¢. The voof and side walls give way and a boiling
flame and smoke cloud forms aud begins to rise
and spread.

3. Sclected frames from the pictnees obtained
with Camera No. 2, figures 103a to 1031, inchusive,
reveal some of the phenomena of explosions which
are seldom seen but which may be explained
as follows:

a. When a charge is detonated above gronad a
shock wave will spread out almost spherically.
As this shoek wave, called the ncident wave,
strikes the ground it is reflected. At some dis-
tance from the explosion these two waves interseet
and a new reflection called a “mach” wave is set
up. This wave grows and ultimately absorbs the
incident and reflected waves, resulting in only one
apparent shock wave,

b. In these pictures it is believed that the wave
having the form of a sector of a eirele is a reflected
wave, aidd that the “snub nose” of the wave front
1s a maeh wave.

¢. The complete motion picture film from this
camern (No. 2) shows that the air shoek wave from
an explosion apparently canses the major damage.
1t appears as a hemispherical mass of dense air
moving outward from the explosion at a speed es-
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Ficurgk 101a.

Typieal open pile explosion, st stage.

timated at 2,000 feet per second at 200 feet. A
positive and suction phase of this wave occurs be-
fore the missiles and smoke cloud arvive at any
point.  This is shown in the high-speed photog-

raphy that slows down the “split-sccond’” action
of the shock wave until the wave apparently flows
slowly over smooth objects and then recedes much
as & wave on the beach.

Fiaure 101h.  Typical open pile explosion, 2d stage.

4. Sclected frames from the pictures obtained
with Camera No. 3, figures 104a to 104, inclusive,
also shiow the reflected wave and mach wave. At
0.0028 second after the shock wave reaches Igloo
B (fig. 104¢) two shock waves appear and pass up
the rear of the Igloo finally merging into one wave
at 0.0056 second. A possible explanation of this
phenomenon is that two waves were initiated, one

IrGure 102a.  The explosion has oceurred in the primary
igloo A but its effect has not beeome visible,  Elapsed

tinie between this and snbsequent pictures is given with
cach picture.

Ficure 102e. 0.0020 second. The rear of the igloo
has Deen bHlown out.
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Iicure 102b.  0.0010 seeond. The explosion has blown
out the front of the primary igloo.

Fiaunre 102d,

0.0030 second.



l ‘
.

IGure 102¢.  0.0050 second, Fraune 102f,  0.0060 second.

Ficure 102g.  0.0070 second. The roof of the igloo is Fraure 1020L.  0.0080 second.
beginning to blow out.

Fraure 102i. 0.0100 second. Ficure 102j.  0.0120 second.

Fraure 102k, 0.0150 second. Frevnre 1021, 0.0240 second.

Fioure 102m. 0.0280 sccond. . Iicure 102n. 0.0290 second.

7797 T1—48——7 87



Figure 103a. The shock wnve has not yet reached the Fiaure 103h. 0.0014 second. The wave front has

Navy type igloo C. Elapsed time between this aud reached the igloo and the dense air behind it has re-
subsequent pictures is given with each picture. fracted some sunlight onto the igloo.

W“::_e TR [ !

Ficure 102¢. 0.0028 sccond., Fiavke 103d.  0.0042 second. The wave front is now
clearly visible,
N TN * megE Sk |

Fraurr 103e.  0.0056 sccond. Ficure 103f.  0.0070 sccond. |



E )

L]
Froure 103g.  0.0085 second. Ficurg 1031, 0.0100 second.
TR T
E *"
1
\ Ficere 1031, 0.0127 cecond. Fiaure 103j.  0.0141 second.
1§

Fieurs 103k.  0.0155 second. Ficure 1031.  0.0169 sccond.
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from the front and one from the rear of the ex-
ploding igloo. In support of this explanation it
is noted that the close-up of the explosion of Igloo
A (figs. 102b and 102¢) shows that the time inter-
val between the burst of the flame from the front
end and from the rear end is approximately 0.001
sceconct.  The two shock waves appear about 2

feet apart in the pictures from Camera 3 and since
the velocity of the shock wave is of the magnitude

of 2,000 feet per second, the time interval between
the waves would be 2/2,000 or also 0.001 sccond.

5. A complcte film of the 1945 High Explosive
Igloo Tests has been produced by incorporating the
pictures of each of the tests into a single film in
the proper sequence and by the addition of ex-
planatory titles and diagrams. This filn is avail-
able at the office of the ANESB in Washington,
D.C.

Ficure 104a. The shock wave has reached the Army-
type Igloo B and has just become visible at the left
hand edge of the pieture. Elapsed time between this

and subsequent pictures ix given with eath picture.

Fiounge 104¢e.  0.0028 second.

Fraure 104, 0.0014 second.

Figure 104d.
the relatively dense air behind the wave front, and is
directed downward onto the igloo,

0.0042 second. Sunlight is refracted by



et L

Fiaure 104e.  0.0056 second. Fiaure 104f, 0.0070 second,

Fiaure 104g.  0.0085 sccond. Fraure 104h.  0.0100 second,

Ficure 104, 0.0113 second. Fravre 104§, 0.0127 second. The wave front is mov-
ing horizontally at more than 2,900 feet per second.
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C.—AIR BLAST PRESSURES

1. The most complete arrangements for the
measuring and recording of blast pressures were
those mnde for Test 1. In subsequent tests (2, 3,
and 4) only paper meters were used.

2. The results obtained in Test 1, up to n dis-
tance of npproximately 450 feet from the center of
the explosion, were disappointing beenuse of the
extreme sentter of the data, the unsuitability of
some of the gages and meters, and too high an
estimation of the probable penk pressures. No
attempt has, therefore, been mnde to fit a smooth
curve to these data but table XVII has been
prepared to show the values obtained from all the
different  types of gnges and meters which
were used.

3. A study of these data indieates that—

a. The Princeton box gnges probably gave the
most relinble results within the 230 foot zone.
These were 43 pounds per square inch at 185 feet
und 32 pounds per square inch at 230 feet. The
higher pressures given by the ball erusher gages
are considered unreliable because this gage is not
very suitable for the measurement of pressures
within this range. Difliculties were eneountered
in opernting the piston and T. M. B. gages and
there is doubt thnt they recorded the true pressures
necurately.

b. Beyoud the 230 foot zone the foil and paper
meters gave fnirly uniform and consistent results
which are believed to be reasonably necurate.

Tarue XVIL—Peak blast pressures (pounds per sq. in.), all meters, Test 1

| Figs. 20a, 20b, 20c]

Paper meter§

Bistanee, feet -
Nearigloos

45 ___ - -

185.__. -

200._. 5 - - S

207___._ -

230. .. .

234__ .. = - - e *12. 6
*k7 7
i
7.7

240__ ... - 1 *12. 6
**7.7
7.7
*T.7

246_ _ _ - *12. 6
*7.7
**7.7

|

*12. 6

247___ .

252 _. *12. 6
*12. 6
*12. 6
*7.7

*Blown apart
**Blown down
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North line

rinceton Piston Ballerusher T. M. 13,

Foil meters 4 ¢ gages rages gages gages
West line | |
JI B - - 96 =
122
43 - 0 __ oo
79
- 0 _ .
0
28.9
29.9
15. 3
11. 7
- 32 0 R -
0
- - 0



TaBLe XVIIL—Peak blast pressures (pounds per sq. in.), all meters, Test [—Continued

| P'aper meters l

Distance, feet =
Near igloos | North llnol West line |

l ' !

270. . . 11

280__.

287___
296_ _ _ *K7,
302_ ... ____ ‘ **3, 6

**2, 7 ‘ '

LN~

-3

k%9 7
*%3, 6
308___.___ . B *x5. 8
*%3 6
**%3 6 |
*%3 6
314___ i - *%3, 6
*%3_ 6
*%3_ 6
*%3 6 |
315 ) _

327__ . -

354_ . L - 7.

360_ . _

367___
407 ___

450 - - - 10.

462__
475___
488__

500__ . - SEadl 7.
510___ 7.

517__
520 _ - -

538 __ il 7.
H40___ | | 6.

548__

580__ 7

H82__

615

620___ - R - X
640._ . J 3.

650 _ -

670 3.

691___ T
700__ R - R

720 _ - 2,

731.

770 2.

-
[ -

*Blown apart.
**Blown down.
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24. 6
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Tame NVIL-

Peal blast pressures (pounds per sq. i), all meters. Test 1

Paper meters

Distanee, feet
Near Igluos

North line

800

820 Al
868 2.7
870

a20

92} 2.7
970

075 2.7
1,020

1.030 1.8
1,670

1,100 L2
1,120

1,160 1.2
1,170

1,220 )

1,230 _ 12
1,270

1,300 .8
1,370 .8
1,460 S
1,550 .8
1,640 .8
1,740. IS
1,750

1,540 .8
1,640 .6
2,060 .6
2,180 6
2310 6
2450 4
2,600 4
2,740 0
2,900 0
3,080 0
3,270 0
3,460 0
3,660 0
3,850 0
4,120 0
4,350 B 0

c. In general the pressures recorded dring this
test were much less than anticipated from a study
of the data obtained from smaller explosions, as
set forth in Reference S,

4. The use of paper meters in Tests 1, 2, 3, and
4 and the fairly uniform and consistent results
obtained with them permit of direct comparisons
between explosions in igloos and in open piles;
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explosions of 125,000 and 250,000 pounds of ex-
plosives; and explosions of 50/50 Amatol and
Torpex. The pressures obtained with the paper
meters in Tests 1, 2, 3, and 4 have, therefore, been
recorded in table XVI1I, and the following con-
chisions have been drawn from them: )

a. For equal amounts of explosives of the same
kind (Tests 1 and 4) the pressures from an ex-



plosion in an epen pile revetment are somewhat
greater than the pressures from an explosion in an
igloo. This probably is due to tlie confining eflect
of the igleo conerete and eurth eover.

b. The differences between the pressures gen-
erated by the explosion of 125,000 pounds of
Amatol inan open revetment (Test 2) and 250,000
pounds of Amatol in an open revetiment (Test 4)
are not as pronouneed as one wounld expect, but

the pressures from the 125000 ponnd explosion
deerense with distance nt u rapid rate,

¢. Torpex gave greater pressures than equal
amounts of Amatol to a distance of upproximately
3,500 feet from the explosion as shown by a comn-
parison of the pressures reeorded in Tests 1 and 3.

d. The pressnres ofl the sides (west meter lines)
of the igloos and open piles are greater than the
pressires ofl the front (north meter lines).

TasLe XVIIL—-Peak blast pressures (pounds per sq. in.) paper melers, Test= 1, 2, 3, }
I/ [/ I/ q I

| Figs. 200, 20h, 67, 75, 84]

Test 1
Distance feet Near igloos
North West
231 - *12. 6
**7.7
XA
*.7
240 ... . . *12. 6 -
7.7
*7.7
*7.7
246 R R *12.6
*7.7
**7. 7
*12. 6
247. - )
252 - *12.6 .
*12, 6
*12, 6
*.7
273. - R oo -
296 el N |- - _|--
**]. 2
**4 8
HENT,
302, __. JE **3. 6
10T
LT
**3.6
308. S **5.8 ...
**3. 6
**3. 6
**3 6
314, S — | **3.6 S I
**3. 6
**3. 6
**3_6
330 N =
367 -
400 -
435
457 .
162 5. 8

473 ___ -

*Blown apart,
**Blown down.
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Test 2 Test 3 Test 4
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TasrLe XVIII.—Peak blast pressure (pounds per sq. in.) paper meters, Tests 1, 2, 3, 5—Continued

[Figs. 20a, 20b, 67, 75, 84]

i Test 1 ! Test 2 [ Test 3 Tost 4
Distance feet [ Near lgloos | ——————7- | — e —— —
| North West North West | North West | North West

476. - - - : scocodfpescooss th Mlscosoreslboce S
488 ___ e RO - 3.6 7.7 [ PR 12. 6 7.7 5 8 -4
507__ B .58 . ) .
516 - 5. 8
517 3.6 5 8 - 7.7 7.7 5.8 787
533 .. -- 36 : I A .
548 . - 3. € 7.7 7.7 7.7 5. 8 77
560 B o ! 3.6 .
568 . - | 58 I - 1 i
582 . oo | 3.6I 7.7 -] 7.7[ A\ A .7
598. l o 36 | oo S| [
605 _ | - 58 S
615 3.6 7.7 | - 7.7 77 7.7 7.7
631. | - 3.6 . I .
650. 2°7 58 | - | 5 8| 7.7 5 8 7.7
653. 5.8 - S
671.__ - 3.6 .
691 PR 5 3.6 5 8 oo 5 8 5 8 3.6 5 8
706 o2 3.6 ol . -
710_ 3.6 _
731. . [ 2.7 3.6 7.7 7.7 2.7 3.6
751 __ | 3.6 - . B
760 oo 3.6 . -
775 . 2.7 36| L 5 8 7.7 | 36 3.6
795. o 2.7 - = . -
-3 1 TN IS R P 5. 8 B
820. 2.7 3.6 iy 5 8 5 8 3.6 3.6
812 _ B - 3.6 N | O | YN
868 . 2.7 | 2.7 3.6 7.7 3.6 3.6
885 . cooo 2.7 ooo i -
894. 2.7
921 . 24\7 27 3.6 5 8 3.6 2.7
915 I 2.7 - _ _
946 2.7 -
975. 27| 27| | 36 36 2.7 3.6
1,000 2.7 . -
1,015 , . 2.7 . ) |
1,030. 1. 8 271 N 200 36 1.8 2.7
1,070. | 2.7 - - .
1,085 - | 24 7 - -
1,100 1.2 2.7 |-- - 1. 8 36 2.7 2.7
1,130 . | - 1.8 - - .
1,155 , - 27 - B
1,160 _ _ 1542 1. 8 - 1. 8 2.7 1. 8 3.6
1L190 . - oo o N i - 1.8 RPN s SN |
1,230 _ - - - 1% 2 L8 ... R 1.8 2817 1.8 3.6
1,245 i . - - - 3 | B T (SPSUROIN) P S . -
1,260 e . . 1.8 ; I o
1,300 e R . 8 1.8 S S 2.7 3.0 1.2 1. ¢
1,330 ____ I . 1.8 . - R F i N
1,335 . oL oc 5o o - o sooo 1.8 | - .
1,370 _ _. 8 1.8 - - 2.7 %7 1.2 36
1,420 R - - 1.2 - - - - s
1,425 R . R R . . R - 1. 8 SO (R A -
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TasrLr XVIIL.—Feak blast pressure (pounds per 8q. in.) paper meters, Tests 1, 2, 3, 4—Continued

Distance feet

1,500 _
1,525 _
1,550 .

1,500 __
1,625

1,640 .

1,600

1,726 ..
L0
1,796
1,840
1,845
1,880 _
1,940
1,965
2,000__ .
2060 __

2005 ______
2,120
2,180
2,235 _
2,210
2,310
2,380
2,385
2,450
2,525

3,040 _
3,055 _
3,080
3,228
3,245
3,270
3,416
3,445
3,460
3,614

3,660

3,665 _
3,832
3,880
3,905 .
4,070
4,120
1,135
4,300
4350 _

[Figs. 20a, 20b, 67, 75, 89]
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e. The Navy-type door barricade i Test 1 had
an elfect on the pressnres off the front of an igloo
as shown by the range of pressures off the fronts
(nortl meter lines) of Tgloos A (with door barri-
cade) and C (without door barricade).

f. Test 3, 250,000 pounds of Torpex in Igloo C,
gave the greatest pressires: Test 4, 250,000
pounds of Amatol in an open p le revetment, gave
the next lurgest pressives; anl Test 1, 250,000
pounds of Amatol in Igloo A gave the lowest
pressnres for the 250,000 ponnd explosions

D.—CRATER DATA

Albof the erater data recorded during these tests
have been assembled in tuble XIN. A study of
these data does not reveal any unusual results.
The eraters formed by the explosions in Igloos C
and B (Tests 3 and 5), each of which contained
250,000 pounds of Torpex, vary greatly in depth
but this is believed to be due to the mireh stronger
floor constrietion of the Army Igloo (I3). The
craters resulting from the two identical vevetment
explostons (Tests 2 and 6, 125,000 ponnds Amatol)
are quite comparable and the eraters from the
open pile explosions agree quite well except as to
depth.  The very shallow depth of the erater
formed in Test 7 is largely due to the fact that the
explosives in the center of the pile were bulk

explosives packed in wooden Saxes or light con-
tainers.  The diameters and i azthis of the eraters
resulting from igloo explosions ave greater than
those resulting from revetm. ot anid open pile
explostons, probably because 6. he presence of the
conerete and earth cover.  Ali of the craters were
oval or circular in shape but e piles of explosives
which were detonated weie relatively long and
narvow (for igloos, approximytdy z 6 wide x 80’
long).  As has been noted in prccro s puragraphs,
the pressures ofl the sides of those velatively jong
and narrow piles are tisanily wiater than off the
ends, and this is «mphasized by these erater
dimensions.  Geney:ilv the fength of the eraters
is approximately ¢ ¢ the leng hs of the piles of
explosives but fror 4 to 6 thaes the widths,

Taser XIX.—Crater data—all tests*

Faplosives Crater dimensions (in feet)
Test No . Type of sturage . o~

Kind ()ll:\l:;l.ll)' {0 th Width ‘\('H_’::'ri,"‘ (\lillgl‘)l
1 | 50 50 Awmatal 250, 000 | Igloo_ ___. 200 150 N 13,9
2 -do 125, 000 . Revetment . ™ 77 6 10
3 | Torpex 250, 000 | Igloo_____ 154 110 18, 2 -
5 _do 250, 000 do - 151 125 10.7 A
6 5050 Amatol 125, 000 | Revetment b ' 0.3 -
7 TNT, Awmatol, cte 250, 000 | Open pile___ 130 S5 3.7 -
8 | TNT. 250, 000 _odoo_ . 130 a0 12 18, 4
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E—GROUND

1. Measnrements of ground movements, hori-
zontal and vertieal, outside the erater ring were
made in Tests 1, 2, and 4. These are assembled
for comparison and study in table XX, Generally
the movements were very small and not discernible
by observation. However, the data obtained by
surveys of the grids of stakes, which were placed
around the igloos or revetnients before the explo-
stons, revealed that there was movement in hoth
directions  In Test 1 movement was detected as
far as Igloo D (500 feet from center of explosion)
and m Test 4 static waves were formed on the

MOVEMENTS

sirface of the ground wlhich measured nearly
8 mches from crest to trough. It should be noted,
however, that in Test 4, the explosion took place
on the compacted fill of the evater formed i Test 1
(Igloo A). The ground movements encountered
in these tests were very small and they were very
much less than anticipated.  Certainly they did

not mdicate severe ground shock,
f)

2. Some further data on ground movements
around the explosions were obtained by noting the

displacements of the target igloos. In Test 1 the

Tansre XX.—Permanent horizontal and vertical carth displacement

- [ALl dimensions in feet.

Test 1, 1zloo A 250,000 pounds Aniatol

Distance | - -
from o e e —— .
conterof | West (side) East (zide) | North (frout
unit (fret) -

Sonuth (rear)

1lorizon- Verti- Horizon- Verti-) Hori-
ta) cnl tal cal | zontal

Verti-

Hacizons Verti-
: 3 cal

T 4

206 NW 41,

0
" 20 0NKE 4119
L2ENW, 461

+. 60

518 41,10

+0.00
AW

5

+.07

n

USRS b
D2NW 41 W

1~ 0 +.03

06 NW 08,038 W +.05

oS 0

7.5
20
330

0NW 0

RN
37H

Ref. Flgs. 23, 69, 90)

Test 2, Rev. 1 125000 poinnds

TG Test 4, Rev, 3 250,000 pounds Amatol

North (front)  Sonth (rear) North (front)

South {rear) West (side)

llorizon- Verti- Horizon- Verti- Horizon- Verti- Horizon- Verti- Horizon- Vertl-

tal cal tul cal tal cal ta cal tal cal

115 NE +40.44
. 0.60 SW 4,65

0,40 SE 40,14
CBSW ou7
0.5 NW 4012 0,11 8W 4010

WN 410
JRSW 408
O3NW 407 3 SE| 407
58400
09 SW 402
26 NE | —. 100 058K +.03
10N .02
IHNE —. 100 +.03
0 +.03
0 +.03
0 0
0 —+.02
0 403
[} “+. (2
[ +.04
0 0
0 “+.01
o —.0
0 +.01
i} -.03

+=Up —=hpva |

Direction of displacentent Indiented by compnss points,



hiead wall of Igloo C moved north (away from the
explosion) ' inch and west 1 ineh with no recorded
vertical movement; the head wall of Igloo B
moved 5 inch south (explosion was to west) and
there was no movement in Igloo D, In Test 2
the head wall of Igloo C moved 45 inch south
(explosion was to west) and vertical movements
were: cast head wall up Yq inch, west wall up 4

inch, floor up % meh. No other target igloo
movements were taken and from the meager in-
formation very few conclusions can be drawn,
but apparently igloos to the side of the blast
moved slightly parallel with the longitudinal
nxis of the explosion and an igloo to the front
moved away and perpendicular to the axis of the
explosion.

F—EFFECTS OF BLAST ON TARGET IGLOOS AND REVETMENTS

1. The cflects of the air blast on the target igloos
and revetments was determined by observation,
by shide rule gages and stop-point indicators,
and by Carlson strain meters.

a. The observed cffects are summarized m table
XXI, and the following comments are made with
respeet to these data:

(1) At 185 feet.—The damage to igloos and
revetments was not serious. In ig-
loos it consisted principally of minor
cracks in the arch, shump of the earth
cover, door jamming, or doors blown
off. In revetments the carth barri-
cades slumped and were partially
blown aw:ar  and  bombs were
knocked from the piles.

(2) At 210 to 265 feet.—Greater damage oe-
curred to an igloo from the explosion
of 250,000 pounds of Torpex at 265
feet than from the explosion of
250,000 'pounds of Amatol at 210
feet.

(3) At 600 feet.—There was little or no dam-
age at this distance, but the explosion
of 250,000 pounds in a revetment
caused greater damage to Igloo D
than 250,000 pounds in an igloo.
The weakness of the Navy-type door
was demonstrated here as it blew 'in
even at 500 feet.

b. The ceffects of blast on the target igloos as
determined by the slide rule gages and the stop-
point indieators (SPI) liave been deseribed in Test
1 (Part TIA, par. 5/(3) and figs. 27a, 27h, and 27¢).

(1) There 1s, in general, agreement between
the final distances measured from
floor to ceiling recorded on the shde
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gages and that obtained by fiekd
survey,  These mensurements are
greater than the measurements taken
by the SPI indicating that only a
small part of the recorded differences
between ceiling and floor can be ac-
counted for by permanent set of the
arch due to stress.  The remainder,
1. ¢., the difference between the SPT
and the slide gage, 1s a measure of
the final relative movement of the
arch unit and the floor unit moving
independently.

(2) Tt is noted in the above paragraplh that
the extreme readings of the SPT are
assutied to be the final readings,
whereas, the actual final measure-
ments must be somewhiat less,  The
assumptionseems justified as a means
of evaluating the limiting degree,
rather than the actual magnitude, of
the movement due to stress,

(3) The actual extreme movenents of the
arch may be greater than those re-
corded on the SPI due to inertia
streteirof theinstrument cord.  Con-
sidering the degree of known inde-
pendent nrovement of the floor and
arch amits, it would scem that the
SPI readings are nearer to the degree
of strain than thoese shown on the

- shide gages.

(4) The reading of the SPIL at Point 3 of
Magazine B has been disregarded
because it is out of hine with the
other veadings. It was noted on
entering the magazine that the wire
ventilator sercen had been blown



TasLe XXIL

Test

i Explosives and unit exploded

185

1| 250,000 pounds Amatol
in Igloo A.

Igloo B3-Coutinnation of crack
across the center of the areh,
new crack along center of
floor, carth cover slumped,

Summary of observed targel igloo and revelment damage

Distanee from explosion In feet

210 1o 265 400 to 750

Igloo C-Door blown in,
bombs knocked down
and tilted, ventilator
blown olf,

Igloo D (500 feet), door
blown in,

door jammed, ventitator blown

olf.

2 | 125,000 pounds Amatol
in Revetment 2,

undisturbed.)

3| 250,000 pounds Torpex
in Igloo C.

4 | 250,000 pounds Amatol

Igloo C-Door blown off. (Other
damage slight and contents

Rev. 2—Earth barricade stumped
and was partially blown away, |
bombs knocked off dunnage
and dumnage blown away.

Igloo B-—Door jamned,

No target unit . _ - Rev. 2 (400 feet), no
damage,

Igloo 13 (300 feet), no
damage.

Igloo I (730 feet), no
damage.

Igloo B—Cracks in | Igloo D (750 feet), no

front wall and carth
cover slumped,
| |

damage.

con- | Revetment 2—No dam-! Igloo D (500 fect), fine

in Revetment 3. erete spalled olf top of arch at damage. | eracks across center of
| . joint w/front wall ecxposing arch.
| reinforcing rods, tmbers of
| door barricade displaced and |

carth blown away,
5 | 250,000 pounds Torpex = No target unit -

in Igloo B.

<

125,000 pounds Amatol o
in Revetment 2.

past tie eord of this instrument.

The screen striking the covd of the

instrnment could have cansed the
. high reading.

c. The effeets of Dblast on the target igloos, as
determined by the Carlson strain meters, have
been described in Test 2 (Part 11D, par. 6/(2)
and figs. 71 and 72a) and Test 4 (Part 11D,

Rev. 2—Bombs shaken
from dunnage, no
other daage.

No target unit. . ____

Igloo D (630 feet), bo
damage.

[ Igloo D (840 feet), mo
damage.

par. 6f(2) and figs. 91 and 92).  The data obtained
are too meager to permit the drawing of sonund
conclusions as to the degree to which the target
igloos were stressed. Iowever, it does appear
that the resnlts obtained in Test 2 and Test 4
are fairly consistent and that the igloos were
affected both by gronnd and air shock but that
air shoels was the canse of the greater stresses.

G.—DAMAGE TO BARRACKS AND GLASS BREAKAGE

1. Barracks damage

a. Prior to these tests u conerete, arch-type,
carth covered igloo was considered tc be barri-
eaded, within the meaning of this term as defined
in the American Table of Distances (ATD), both
offensively and defensively, except at the door end
whern a separate door barricade was not provided.
It was, therefore, the common praetice to nse the

barrieaded distances set forth in the ATD for the
separation of igloos from inhabited buildings.

b. These tests proved guite conclusively that
althongh *“ the barracks were in no danger of
collapsing they did snffer damage of a critieal
nature, and it is doubtful that the inlmbitants
thereof would have escaped serions and perhaps
futal injury from blast, flying gluss, and strueturnl
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damage. The barrieaded distance of 2,155 feet
which is preseribed by tlie ATD for the separation
of a barricaded maguzine containing 250,000
pounds of mass detonating high explosives from
an inhabited building was quite imadequate in
providing reasonable sufety against serious injury
or death and severe structural damage, so far
as these earth covered igloos were concerned.

¢. Although the barrueks was severely stressed

and weakened by Tests 1 and 2, it appears from
the photographs that Torpex caused additional
damage not definitely due to weakening of the
strueture by previous explosions.

d. As in most large explosions, glass breakage
was extensive, and the dangers from flying glass
were strongly emphasized by the fine splinters of
glass imbedded in the walls, floors, and columns
of this barracks.

H.—~MLSSILES AND FRAGMENTATION

Missile data which were recorded onlv-for Test
1 have been described and discussed in Part 114,
par. 5h.  1lowever, observations made during all
of the other tests confirmed the results of Test 1.
It was especially noticeable that the complete
detonations of the ammunition stored in fully
loaded magazines gave quite different results froin

several accidental igloo explosions in which the
igloos were only partially loaded and the amounts
of explosives involved were less than half of those
used in these tests.  In these latter cases missiles
i excess of 100 pounds were thrown over 5,000
feet from the door end and some pieces up to
a ton were thrown as much as 1,800 feet,

[—SEISMOLOGICAL DATA

1. Seismic records were obtained in Test 1 by
the David Taylor Model Basin and in Tests 2,
3, and 4 by the U. 8. Coast and Geodetic Survey.
The records obtained by the David Taylor Model
Basin have been disenssed in Part 11A, par. 54,
but the records obtained ty the U. S. Coast and
Geodetie Survey during Tests 2, 3, and 4 have
been summarized for further fiscussion in table
XXII, and the location of the test stations for
Tests 2 and 3 are shown in figure 105,

2. Caleulated maximum ground displacements
are arranged according to wave period and distance
from the source in figure 106. The source is a
250,000 1b. explosion, though not necessarily the
sume. one, Plotted data at 7.2 miles and 9.9
miles were taken from vibrograms of an October
1946 explosion.  The data are rough and are taken
from the largest waves having approximately
the represented periods, which measivements are
subject to considerable error.  Nevertheless, the
graph represents the order of displacements to
expeet from blasts of this size at given distances,

3. Maxinmm accelerations, without regard to
period, are plotted in figire 107, These data were
taken from measurements of the single wave at
each station,. which, i the judgment of the ob-
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server, was associated with the highest accelera-

t.n. The diagram shows a number of paired
data.  The open cireles represent direct observa-

tions from an explosion of 230,000 pounds of
Torpex on 19 October 1945, Inasmuch as Amatol
was used in the other tests considered here, the
dota designated as “Amatol equivalent” werg cal-
culated on the assumption that 100 pounds of
Torpex is approximately equivalent to 130 pounds
of Amatol and that the rule represented in figure
108 was followed. The Era Mine datum was not
20 adjusted because of the small trace amplitude
on the record and the consequent large allowable
ervor,

Very little difference was noted in displacements
and aceelerations observed at Stations 1 and 2
which are the same distance from the source, one
on overburden and the other on rock. Iowever,
the overburden was probably too shallow to in-
fluence encrgies contained in the observed waves
which had rimimum lengths of more than 700 feet.
1igher frequeney vibrations were probably present,
but they were too feeble to be recorded by the
insensitive apparatus in use, 1t should be noted
that this station is on open prairie and the under-
lying ground is not the same as at the instrument



Tavre XXIL—Summary of seismological resulls, Idaho
Ballistie Experiment, August and October 1945, U, S.
Coast and Geodelic: Survey

The observations were made inder tle divection of Dr. D, S Carder, Chief
of the Lake Mead Selstological $nrvey, using Coust and Geodetle Survey
vibration meters, aceeleroacters, componrl  pendulim  displacement
meters, and recording apparatus; also a Neniott vibragraph,  Spuecial
apparatns recorded the tinwes of the blasts simnltaticonsly on nll of the
instrnments.

SUMMARY OF ACCELERATIONS AND DISPLACEMENTS

Wave Calen- | Calon-

Explo- -
Stn- | Date [Distance,  sives D lated dis. Tt ne
tion | 15 (feet) | weight {::{,‘_ ',',ll"‘"':" "‘;Ii'"’r'*l" Ritathy
(pounds) | (08 (ene) | ein/sec
L. 10/18 2, 840/125,0000. 190. 0033 4.0 | Rock.

i 10/18 2, 840123, 000 .16 . 008 | 12. 5 Do.

3 10/18 5, GOO'125, 000 , 27 . 0015 2.4 ' Overbur-
den.

{ 10/18 9,200 125,000 .37 . 0013 .42 Do.

1 10/19 2, 840 250,000 .17, . 016 | 20 Rock.

2

10/19 2, 840 250,000 .17 . 015 20 Do.

3. 10/19 5, 600 250,000 .22 0067 5.5 | Overlnir-
| den,
3 10/19 3, 600 250, 000 , 37, . 015 4.3 Do.
4 10/19 9, 200 250, 000 . 22 . 003 2.5 Do.
1. 10/19 9, 200 250, 000 . 48 . 008 Do.
3. 10/19 11, 850 250, 000 .43 . 005 | 1 Do.
[§ 10/19 21, 600 250, 000 . G5/ . 0028 0. 27 Do.
N 10/30 650 300, 000 . 15 .29 510 Do.

station which was used with the I8 August ex-
plosion.  The latter station was in a river bed
more than 3 miles from the site of Station 2.

1. Accelerationsrersusamount of explosives used.
This 1s plotted graphically in figure 108, Data
obtained from direet observations were taken at
a distance of 2,840 feet from the blast.  Other data
were taken at distances other than 2,840 feet bint
for purposes of comparison it was necessary (o
transpose these aceelerations to correspond to a
distance of 2,840 feet using the enrve mn figure 107,

The explosion of 18 Angust 1945 should not be
nsed for comparison sinee ground and fonndation
conditions were not the sime.  Other observations
form an excellent fit to the curve representing
aceeleration proportional to the square root of the
rveight of the explosives detonated.

5. Travel times.—Travel-time data are available
for the blasts of 18 October and 19 October only.
The times of the blasts were obtained when the
explosions broke a relay circuit. Equpment in
use at the time wus designed to show aceclerations
and displacements, It did not give good responses
1o entries of ground waves. However, we helieve

TTUTT]—4R T

October 18. 1945 October 19. 1945
~— 5 ? —
o4
\o
STATION 2 o o STATION 1

STATION 3,

: N

STATION 4 o

STATION 5 |

_BISLOST RiveR |
/ °
STATION 6

Iteunre 105, Location of stations, Tests 2 and 3.
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0 100.000
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WEIGHT OF EXPLOSIVES IN POUNDS

Freore 108,

that aecuraey of these nrrivals was sufficient to
give a fair iden of some of the underlying structure.
These datn, figure 109, indicate a surficinl effusive
layer about 500 feet thick in whieh the P-wave
speed is 6,600 feet/secondd.  Beneath this is another
layer extending to a depth of abont 4,000 feet in
which the P-wave speed is 9,900 feet/second,

It mny be possible thut the roek extending to
ca 4,000 feet may be of the same material ; namely,
alternate flows of lava interbedded with scoria
and thin layers of sediment, and that the inter-
face representing the brenk between the two wave
speeds muy be the wuter table. The two wells
at the headquarters area 8 miles south of the

Acccleration versus sinount of explosives used.

explosions are in this material throughont their
depth of nearly 700 feet,

6. Air waves.—Alr waves Irom the 19 Oetober
blust are plotted in figure 110,  The eentral plot
is probably a sound wuve originating direetly at
the blast. At 2 miles it contains the most energy.
At 0.5 mile, an earlier wave which undoubtedly
left the blast as a higlier speed shock wave con-
tains the most energy,  The earlier wave is ulso
a sound wave but it did not originate as such at
the blast. It becomes relatively feeble at 2 miles
A thivd feeble wave with n slower apparent velocity
is nlso reeognized. It may be an eeho from an
upper stratum of air,

J—METEOROLOGICAL DATA

Meteorologieal duta were taken only during
Test 1 and they have been fully disenssed in Part
HA, pur. 5. It was anticipnted that this ex-
plosion would liave been heard and felt at muel
grenter distances than it was. Some observers
believe thut the air blast und gronnd shock were

106

less in this loeality than they might liave been in
other parts of the United States.  Iowever, limit-
ed tests made by the Board along the Eastern
Senboard, after completion of the 1945 Arco
tosts, did not substnntiate this belief.
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PART IV. CONCLUSIONS

A The prezevibed Arniy and Navy internaga-
zine safery distanees for the storage of 250,000 net
ponnds of high explosives in igloo-type carth-
covered magazines may be reduced from 400 feet
vy Gunl 500 feet Navy) to 185 feet withomnt
aitdue risk o propagation of explosions from maga-
7ite {0 aaagszine.

8, The use of the barricaded distances pre-
scribed {or siliabited buildings in the ATD is not
sufficient 1 provent serious injury to personnel
within (ke buildings from explosions in arch-type,
conerete, carth-covered niagazines.

. The  temporary  storage of 250,000 net
pound - of high explosives in an earth-barricaded
open storage site located halfway between existing

Army igloo-type carth-covered magazines is rea-
sonably safe and permissible with respeet to the
nonpropagution of explosions from igloo to carth-
barricaded open sites and vice versa,

D. The unbarricaded distance (800 feet) for
250,000 net pounds of high explosives stored in
igloo-type carth-covered magazines affords reason-
able protection against the propagation of explo-
sions among apen field stacks of mass detonating
types of ammunition each containing 250,000 net
pounds of high explosives,

K. The doors in the Navy igloo-type carth-
covered magazines should be  strengthened  to
provide better proteetion against explosions which
may oceur in adjacent magazines.
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